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FOREWORD 

T h i s  i s  a supplementary progress r e p o r t  on t h e  research p r o j e c t  "Numer- 

i c a l  Equat ions f o r  C losed-B lu f f  Bodies," f o r  t h e  p e r i o d  ended J u l y  31, 1987. 

Specia l  a t t e n t i o n  has been d i r e c t e d  toward "Graphics and F1 ow V i s u a l i z a t i o n  

o f  Computer-Generated Flow F ie lds . "  

Langley Research Center (Computer App l i ca t i ons  Branch, Ana lys is  and Compu- 

t a t i o n  D i v i s i o n )  through t h e  coopera t ive  agreement NCC1-68. 

agreement was moni tored b y  D r .  Robert E. Smith o f  t h e  Computer App l i ca t i ons  

Branch, Ana lys is  and Computation D iv i s ion .  

This  work was supported b y  t h e  NASA 

The coopera t ive  
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GRAPHICS AND FLOW VISUALIZATIOlY OF COMPUTER GENERATED FLOW FIELDS 

BY 

M. Kathongl and S. N .  Tiwari  

ABSTRACT 

Flow f i e l d  v a r i a b l e s  are  v i s u a l i z e d  us ing  c o l o r  r e p r e s e n t a t i o n s  

descr ibed on sur faces t h a t  are i n t e r p o l a t e d  f rom computat ional  g r i d s  and 

transformed t o  d i g i t a l  images. Techniques f o r  d i s p l a y i n g  two-  and three-  

dimensional  f l o w  f i e l d  s o l u t i o n s  are  descr ibed. Several methods of i l l u s -  

t r a t i n g  f l o w  s t r u c t u r e  a r e  addressed. 

t i o n s  and t h e  use o f  an i n t e r a t i v e  g raph ics  program f o r  CFD f l o w  f i e l d  

s o l u t i o n s ,  c a l l e d  PLOT3D, which runs  on t h e  c o l o r  g raph ics  I R I S  Workstat ion.  

An overv iew o f  t h e  I R I S  Workstat ion i s  a l s o  descr ibed. 

T h i s  r e p o r t  descr ibes t h e  transforma- 

Graduate Research Ass is tan t ,  Department o f  Mechanical Engineer ing and 
Mechanics, 01 d Dominion U n i v e r s i t y ,  Nor fo lk ,  V i r g i n i a  23529. 

Dominion U n i v e r s i t y ,  Nor fo lk ,  V i r g i n i a  23529. 
* Eminent Professor,  Department o f  Mechanical Engineer ing and Mechanics, 01 d 
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1. IWTROOUCTION 

Complex f l u i d  f low f i e lds  can be simulated on large-scale computrs 

t h r o u g h  the numerical solution of the governing p a r t i a l  d i f ferent ia l  equa- 

t ions and boundary conditions [l-2].* Typically, a spatial  g r i d  w i t h  well 

defined relationships between neighboring node points i s  defined on the 

f i e ld ,  and f i n i t e  difference o r  f i n i t e  element algorithms are applied t o  the 

governing equations a t  node points. W i t h  recent increases i n  supercomputer 

performance [3], improved nunerical algorithms and the emergence of multiple 

g r i d  schemes t o  handle complex geometries, the generation of large three- 

dimensional computational f l u i d  dynamics (CFD) solutions w i l l  soon be a 

commonplace. I t  i s  quite apparent t h a t  a large volune of numerical data i s  

generated i n  flow f i e ld  simulation, and i t s  analysis i s  complex. One of the 

major issues i s  the d i f f icu l ty  of displaying a limited and proper k i n d  of 

d a t a  t h a t  w i l l  lead t o  a better understanding and evaluation of the f low 

being modeled. 

computer-generated flow f i e lds  i s  the creation of d i g i t a l  images of the flow 

f ie ld  variables, i .e., pressure, temperature, velocity vectors, streak lines 

e t c . ,  and the display of these images u s i n g  color ras ter  graphics [4-61. 

An effective approach t o  the quali tative analysis of  

The p r i n c i p l e s  o f  c r e a t i n g  a d i g i t a l  image o f  a f l o w  f i e l d  v a r i a b l e  i s  

t o  transform node points from the computational g r i d  i n  the object space t o  

the image plane and f i l l  the void between the image node points w i t h  color 

t h a t  varies according t o  the magnitude of variables. The image space i s  

discretized i n t o  a rectangular matrix of pixels [7] where each pixel i s  a 

small u n i t  area which can be assigned a color. The f i r s t  step toward the 

assignment of a color t o  a pixel i s  the creation of a color table which i s  a 

one t o  one relation between a sequence of integers i n  the interval between 

*The numbers i n  brackets indicate references. 



zero and t h e  nunber o f  d i f f e r e n t  c o l o r s  t h a t  can be d isp layed.  P i x e l s  t h a t  

are e x t e r i o r  t o  t h e  g r i d  sur faces are assigned an i n t e g e r  which corresponds 

t o  a background c o l o r .  

assigned magnitudes o f  t h e  s c a l a r  v a r i a b l e  b y  l i n e a r  o r  c u b i c  i n t e r p o l a t i o n  

o f  v a r i a b l e s  a t  t h e  node p o i n t s .  

sca led and t r u n c a t e d  t o  t h e  i n t e r v a l  o f  i n t e g e r s  and t h e r e f o r e  has an 

associated c o l o r  through t h e  assignment i n  t h e  c o l o r  t a b l e .  G r i d  l i n e s  

prov ides  a v i s u a l  c l u e  of  t h e  c u r v a t u r e  o f  a sur face  and can be d isp layed b y  

s e t t i n g  t h e  p i x e l s  along l i n e s  connect ing node p o i n t s  t o  be t h e  i n t e g e r  

assoc iated w i t h  background c o l o r  o r  another c o l o r  t h a t  i s  n o t  predominant on 

t h e  surface, 

drawn on t h e  image. 

be d isp layed depend upon t h e  a v a i l a b l e  equipments. 

P i x e l s  t h a t  are i n t e r i o r  t o  t h e  g r i d  sur faces are  

The magnitude o f  t h e  s c a l a r  v a r i a b l e  i s  

I n  a s i m i l a r  manner v e l o c i t y  vec tors  o r  s t r e a k  l i n e s  can be 

The number o f  p i x e l s  and t h e  number o f  c o l o r  t h a t  can 

Q u a n t i t i e s  d e s c r i b i n g  a f l o w  f i e l d  a re  c h a r a c t e r i z e d  b y  magnitude and 

d i r e c t i o n .  

Scalar q u a n t i t i e s  such as pressure,  densi ty ,  Mach number, entropy, etc., a r e  

o f t e n  d isp layed b y  p r o f i l e s ,  carpe t  p l o t s ,  contour  l i n e s  and surfaces, and 

v a r i a t i o n  o f  c o l o r  i n t e n s i t i e s .  

o f t e n  h e l p f u l  i n  m a i n t a i n i n g  c l a r i t y .  Flow d i r e c t i o n a l i t y  can be 

i l l u s t r a t e d  b y  d i s p l a y i n g  v e c t o r  f i e l d s  and v e c t o r  t r a c e s .  

p a r t i c l e s  i n t o  t h e  f low and t r a c i n g  t h e i r  paths i s  an e s p e c i a l l y  e f f e c t i v e  

way o f  observ ing t h e  d i r e c t i o n  o f  t h e  f low, 

d i r e c t i o n a l i t y  and magnitude can be obta ined b y  t r a c i n g  t h e  p a r t i c l e  over  a 

f i x e d  t i m e  i n t e r v a l  o r  b y  d i s p l a y i n g  v e c t o r  f i e l d s  o f  d i r e c t i o n  and length .  

I n  t h r e e  dimensions, such d i s p l a y s  can become confus ing i f  t o o  much 

i n f o r m a t i o n  i s  shown. 

A v a r i e t y  o f  d i s p l a y s  are  used t o  e x t r a c t  t h i s  in fo rmat ion .  

I n  t h r e e  dimensions, c o l o r  shadings a r e  

Seeding 

In format ion on b o t h  f l o w  
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Th is  r e p o r t  descr ibes  t h e  t rans fo rma t ions  and t h e  exper ience w i t h  an 

i n t e r a c t i v e  a n a l y s i s  and f l o w  v i s u a l i z a t i o n  program, PLOT3D, which works o f f  

t h e  c o l o r  g raph ics  I R I S  works ta t ion .  The guide t o  t h e  use o f  PLOT3D i s  

p rov ided  i n  Appendix A.  

2. IMAGE PROCESSIN6 TECHNIQUES 

The p r i n c i p l e  o f  c r e a t i n g  a d i g i t a l  image o f  a r e s u l t  f rom CFD 

c a l c u l a t i o n s  i s  t o  t rans fo rm node p o i n t s  f rom t h e  computat ional  g r i d  i n  t h e  

o b j e c t  space t o  t h e  image p lane and f i l l  t h e  v o i d  between t h e  image node 

p o i n t s  w i t h  c o l o r  t h a t  v a r i e s  accord ing t o  t h e  magnitude o f  t h e  v a r i a b l e s .  

A d i g i t a l  image can be represented b y  a nunber o f  smal l  u n i t  areas each 

assigned a p a r t i c u l a r  c o l o r .  

element o r  a p i x e l .  

dimensional a r r a y  and b y  an i n t e g e r  number. The i n t e g e r  represents  one o f  

t h e  nunber o f  c o l o r  t h a t  can be d isp layed by  t h e  Raster  D i s p l a y  U n i t  (RDU). 

The RDU assigns a c o l o r  t o  a p i x e l  b y  mapping t h e  associated i n t e g e r  i n t o  a 

percentage o f  p r imary  c o l o r s  (red, green, b lue )  th rough a c o l o r  t a b l e .  High 

r e s o l u t i o n  ( v i s u a l  q u a l i t y )  o f  an image can be ob ta ined i f  a l a r g e  number of  

p i x e l s  i s  used. 

Each u n i t  area i s  r e f e r r e d  t o  as a p i c t u r e  

Each p i x e l  i s  descr ibed b y  i t s  address i n  a two- 

T h i s  s e c t i o n  descr ibes  c r u c i a l  s teps  i nvo l ved  i n  t h e  c r e a t i o n  of  an 

image rep resen t ing  a f l o w  f i e l d  v a r i a b l e .  

Sec t ion  2.1 b r i e f l y  descr ibes  t h e  t rans fo rma t ions  o f  an o b j e c t  f rom t h e  

o b j e c t  space t o  t h e  image plane. 

c o l o r  t a b l e .  

w i t h  c o l o r  a re  descr ibed i n  s e c t i o n  2.3. 

Three s teps  are  descr ibed.  

Sect ion 2.2 d iscusses t h e  c r e a t i o n  o f  t h e  

The procedures t o  f i l l  t h e  v o i d  between t h e  image node p o i n t s  

3 



2.1 Transformat ions 

I n  general,  an a r b i t r a r y  o b j e c t  i s  descr ibed i n  t h e  o b j e c t  space c a l l e d  

wor ld  coord inates [7]. 

coord ina tes  t o  t h e  image space. 

descr ibed i n  a three-dimensional  coord inates system, b u t  t h e  image space i s  

o n l y  i n  two-dimensional coord inates.  The t rans format ions  between t h e  o b j e c t  

space and t h e  image p lane are e i t h e r  an or thograph ic  p r o j e c t i o n  o r  per-  

s p e c t i v e  view [7]. The r e l a t i o n s h i p  between neighbor ing node p o i n t s  i s  

i n v a r i a n t  under t h e  t rans format ions  [8]. 

l a t i o n ,  r o t a t i o n  and sca l ing .  Several t rans format ions  can be combined t o  a 

s i  n g l  e t r ansf ormat i on, 

It i s  necessary t o  t r a n s f o r m  an o b j e c t  f rom wor ld  

For  i l l u s t r a t i o n ,  an o b j e c t  may be 

The t ransformat ions a r e  t r a n s -  

A p o i n t  i n  a three-dimensional  Car tes ian  coord ina te  system P(x,y,z) i s  

represented b y  t h e  row v e c t o r  

C P l = i x y z l )  

If [A]  i s  a t r a n s f o r m a t i o n  mat r ix ,  a t ransformed p o i n t  P I  i s  

C P ' I  = CP) [ A ]  

The t r a n s f o r m a t i o n  m a t r i x  which t r a n s l a t e s  p o i n t  P t o  p o i n t  P I  i s  

0 0 0  H J 
X Y Z  

( 2 . 3 )  

where Dx, D 

d i r e c t i o n s ,  r e s p e c t i v e l y .  

and D Y Z 
are  t h e  components o f  t r a n s l a t i o n  i n  t h e  x, y and z- 

4 



For r o t a t i o n ,  an a x i s  o f  r o t a t i o n  must be s p e c i f i e d .  Rota t ions  

descr ibed here are  f o r  a le f t -handed Car tes ian coord ina te  system (F ig .  1). 

The t r a n s f o r m a t i o n  m a t r i c e s  t h a t  descr ibe t h e  r o t a t i o n s  

0 

- s i n (  6 )  
= 1 0 

cos( C) 
s i n (  C) 

0 

0 
cos(A) 

s in (A)  
0 

0 

1 

0 
0 

-s in(C)  

cos(C) 

0 
0 

0 
-s in (A)  

cos( A) 
0 

s i n (  B) 

0 

cos( B )  
0 

0 
0 

1 
0 

about t h e  o r i g i n  a re  

0 
1 1 (2.5) 

0 "1 1 

where A, B and C a re  measured c lockwise  about t h e  o r i g i n  when l o o k i n g  a t  t h e  

o r i g i n  f rom a p o i n t  on x, y and z-axis,  r e s p e c t i v e l y  [7]. 

Sca l ing  about t h e  o r i g i n  i s  performed b y  m u t i p l y i n g  a p o i n t  b y  t h e  

s c a l i n g  m a t r i x  [SI d e f i n e d  as 

[SI = [ 0 

0 

0 

0 

0 

0 

2 
S 

0 

(2.7) 

where Sx, S 
Y 

r e s p e c t i v e l y .  

and Sz are  s c a l i n g  f a c t o r s  i n  t h e  x, y and z - d i r e c t i o n s ,  

The r o t a t i o n  and/or s c a l i n g  about any a r b i t r a r y  p o i n t  o t h e r  than t h e  

o r i g i n  can be performed b y  t r a n s l a t i n g  t h e  p o i n t  t o  t h e  o r i g i n ,  performing 

5 



Y 

Fig 1. Left-handed Coordinate System 

Y 

Fig 2. Right-handed coordinate System 
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t h e  r o t a t i o n  and/or sca l ing ,  then t r a n s l a t i n g  back t o  t h e  o r i g i n a l  p o s i t i o n .  

The r ight -handed coord ina te  system i s  shown i n  F ig .  2 .  

The successive a p p l i c a t i o n s  o f  two o r  more t rans format ions  can be 

combined i n t o  a s i n g l e  t rans format ion .  

[ T I  = [ t l ] [ t 2 ]  [ t 3 ]  ........ 

Note t h a t  t h e  order  o f  a p p l i c a t i o n  of t h e  t rans format ions  must be preserved 

when t h e  t r a n s f o r m a t i o n  m a t r i c e s  are  m u l t i p l i e d  together .  

The concept of t rans format ions  i s  e s s e n t i a l  f o r  dynamics d i s p l a y s  

descr ibed i n  Sec t ion  4.3. 

on t h e  I R I S  (See Sect ion  3.2). 

These t rans format ions  are i n t e r p r e t e d  i n  hardware 

2.2 Creat ion  o f  Color  Table 

As mentioned prev ious ly ,  each p i x e l  i s  assoc iated w i t h  an i n t e g e r  

nunber. I n  o r d e r  t o  d i s p l a y  t h e  i n t e g e r  r e p r e s e n t a t i o n  i n  a p i c t o r i a l  form, 

i t  i s  necessary t o  e s t a b l i s h  a t a b l e  between t h e  i n t e g e r s  and p o s s i b l e  

c o l o r s  t h a t  can be d isp layed b y  t h e  RDU. 

f o r  t h e  d i s p l a y  o f  a f l o w  f i e l d  v a r i a b l e .  

c r e a t i n g  t h e  c o l o r  t a b l e .  T h i s  s e c t i o n  suggests one way i n  do ing so. 

The c o l o r  t a b l e  i s  a u s e f u l  t o o l  

There are i n f i n i t e l y  many ways o f  

A RDU assigns a c o l o r  t o  a p i x e l  w i t h  a component f rom each o f  t h e  

p r i m a r y  c o l o r s  ( red,  green, b l u e ) .  The t o t a l i t y  o f  p o s s i b l e  c o l o r s  t h a t  can 

be d i s p l a y e d  i s  thought  of as an ordered s e t  o f  d i s c r e t e  p o i n t s  u n i f o r m l y  

spaced i n  a three-dimensional  Car tes ian  coord ina te  system ( c o l o r  cube) [7] .  

Each a x i s  o f  t h e  c o l o r  cube corresponds t o  a p r imary  c o l o r  (F ig .  3 ) .  The 

main d iagonal  o f  t h e  cube w i t h  equal amounts o f  each p r i m a r y  c o l o r  repre-  

sents  t h e  g r a y  l e v e l .  I n  o r d e r  t o  r e l a t e  a s c a l a r  v a r i a b l e  t o  v i s u a l  
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composite of the three primary colors, a set  of ordered integers i s  associ- 

ated w i t h  a subset of the points i n  the color cube [9]. Figure 4 shows the 

color table fo r  a 256 color scheme w i t h  integers 0-255. Seven edges and a l l  

eight vertices of the cube are mapped i n  uniform increments onto the 256 

integers. The variable t o  be displayed i n  color i s  scaled between 0 and 

255, and the value a t  a pixel location i s  interpolated l inearly i n t o  the 

i nteger. 

The color table on the IRIS contains 4096 colors (integers 0-4095). 

2.3 Image Creation 

T h i s  section describes a few methods i n  f i l l i n g  the void between the 

image node points w i t h  color a f te r  a color table has been decided upon. 

This f i l l i n g  i s  essential i n  color-contour p l o t t i n g  and i n  p l o t t i n g  g r i d  

surfaces i n  three-dimensional space. 

As stated i n  section 2.1, the relationship between neighboring node 

points i s  inva r i an t  under the transformation. Thus, f i l l i n g  the v o i d  

between node p o i n t s  i n  the image space w i l l  yield the correct representation 

of the variables i n  the object space. 

voids. 

There are many ways t o  f i l l  these 

T h i s  section describes the procedures used on the IRIS i n  d o i n g  so.  

For g r i d  surfaces, the u n i t  normal vectors are computed a t  node p o i n t s  

by a user. 

the color table give the magnitude of intensi t ies  a t  node po in t s .  

product between the i ntensi t y  vectors and the i ntensi t y  vector emanating 

from a light-source yield the correct color intensi t ies  a t  node po in t s .  

Being supplied the values of color intensi t ies  a t  node points, the IRIS 

hardware assigns a color t o  a polygon by the interpolation of these node 

p o i n t  in tensi t ies .  The same concept i s  applied t o  the color-contour 

The linear interpolations of the magnitude o f  these vectors onto 

The dot 

9 



ORIGINAL PAGE IS 
OF POOR QUAIXI% 

F ig .  4 Color t a b l e  (256 Scheme) 

10 



p l o t t i n g  of  t h e  v a r i a b l e s  except t h a t  t h e  va lues o f  t h e  v a r i a b l e s  are  used 

ins tead  o f  t h e  u n i t  normal vec tors .  

cep t .  

f i r s t ,  then t h e  nex t  t o  t h e  f u r t h e s t  and so on, u n t i l  t h e  nearest  polygon. 

F igures  5 and 6 i l l u s t r a t e  t h i s  con- 

The hidden sur faes  are  ob ta ined b y  p l o t t i n g  t n e  f u r t h e s t  polygon 

Using a c o l o r  code t o  descr ibe  a v a r i a b l e  on a curved sur face  does no t  

always convey t o  an observer  t h e  concept o f  curva ture .  

ce i ved  by  superimposing g r i d  l i n e s  connect ing v i s i b l e  image node p o i n t s .  

Gr id  l i n e s  are  d i sp layed  i n  a c o l o r  chosen t o  c o n t r a s t  w i t h  t h e  surface 

c o l o r s .  

o f  a s o l u t i o n  v a r i a b l e .  

Curvature i s  pe r -  

I n  s i m i l a r  manner v e l o c i t y  vec to rs  can be superimposed on t h e  image 

3. THE IRIS WORKSTATION 

3.1 I n t r o d u c t i o n  

The I R I S  ( I n t e g r a t e d  Raster Imaging System) i s  a high-performance, h i g h  

r e s o l u t i o n  c o l o r  computing system f o r  20 and 3D computer graphics.  It pro- 

v ides  a powerfu l  s e t  o f  g raph ics  p r i m i t i v e s  (bas i c  elements f o r  d e f i n i n g  a 

p i c t u r e ,  c o n s i s t i n g  o f  moving, drawing, e tc . )  i n  a combinat ion o f  custom 

VLSI (Very Large Scale I n t e g r a t i o n )  c i r c u i t ,  convent iona l  hardware, f i r m -  

ware, and sof tware.  

The I R I S  Terminal o r  Workstat ion i s  a g raph ics  system c o n s i s t i n g  of  a 

general-purpose microprocessor, t h e  Geometry Engine system, a r a s t e r  sub- 

system, a h i g h - r e s o l u t i o n  c o l o r  moni tor ,  keyboard, and graph ics  i n p u t  

dev ices.  

opera te  w i t h  o r  w i thou t  a l o c a l  d i s k .  The va r ious  I R I S  system con f igu r -  

a t i o n s  make i t  an ex t remely  v e r s a t i l e  high-speed graph ics  works ta t ion .  

The I R I S  Workstat ion runs  on t h e  U N I X  Operat ing System, and can 

The I R I S  can communicate w i t h  another computer th rough an Ethernet  

i n t e r f a c e .  The h e a r t  o f  t h e  I R I S  i s  t h e  Geometry Engine, a custom VLSI c h i p  

11 
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developed and pa ten ted  a t  S t  anford U n i v e r s i t y .  The Geometry Engine accepts 

po in ts ,  vectors ,  polygons, charac ters ,  and curves i n  a user-def ined coo rd i -  

na te  system, t rans fo rm ing  them t o  screen coord ina tes  w i t h  a r b i t r a r y  ro ta -  

t i o n s ,  sca l ing ,  and o t h e r  t rans format ions .  The Geometry Engine system pe r -  

forms 2D and 3D f l o a t i n g  p o i n t  t rans format ions ,  c l i p p i n g ,  and mapping o f  

g raph ica l  da ta  t o  t h e  screen a t  a r a t e  i n  excess o f  86,300 coord ina tes  per  

second. 

3.2 I R I S  Hardware Organ iza t ion  

The I R I S  t e r m i n a l  c o n s i s t s  o f  a 68000-based a p p l i c a t i o n s  processor  

which c o n t r o l s  a p i p e l i n e  made up o f  t w o  subsystems: a g raph ics  transforma- 

t i o n  u n i t  f e a t u r i n g  a custom-designed graph ics  processor  c a l l e d  t h e  Geometry 

Engine and a r a s t e r  subsystem t h a t  c o n t r o l s  t h e  d i s p l a y .  The processor can 

address up t o  s i x t e e n  megabytes o f  user  RAM (Random Access Memory) per  

process, manage d i s p l a y  l i s t s ,  i n t e r p r e t  g raph ics  commands and r u n  appl i- 

c a t i o n  programs. The I R I S  mouse i s  two va lua tors ,  one f o r  h o r i z o n t a l  and 

one f o r  v e r t i c a l  motion. 

The Geometry Engine (GE) i s  a custom i n t e g r a t e d  c i r c u i t  t h a t  performed 

t h e  f l o a t i n g  p o i n t  opera t ions  needed f o r  three-d imensional  t rans format ions .  

The GE suppor ts  geometric p r i m i t i v e s  f o r  drawing vectors ,  polygons, charac- 

t e r s ,  and paramet r ic  and r a t i o n a l  wor ld  coord ina tes  are  i n t e r p r e t e d  i n  hard- 

ware. 

The r a s t e r  subsystem rece ives  i t s  i n s t r u c t i o n  f rom t h e  GE subsystem. 

It scan conver ts  vectors ,  rectangles,  and polygons, draws cha rac te rs  from 

r a s t e r  f o n t s  and re f reshes  t h e  screen. 

ab le  b i t p l a n e s  and d i sp layed  w i t h  o r  w i thou t  a c o l o r  map. 

system f e a t u r e s  a 2903 b i t - s l i c e  microprocessor  and o t h e r  custom hardware 

The image i s  generated i n  t h e  a v a i l -  

The r a s t e r  sub- 
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t h a t  control u p  t o  2 4  bitplanes of  image memory. 

i n  e i ther  singe or double buffer mode, u s i n g  a 4096-entry color map t o  

generate eight-bit intensi t ies  of  red, green and blue. The co.lor map can 

also be configured t o  be sixteen sets  of a 24-bitplane system direct ly  

controls the red, green and blue values. 

The raster  subsystem draws vectors, areas and characters of arbitrary 

The bitplanes may be used 

color. 

defined textures w i t h  no loss of speed. 

three pixels per microsecond. 

microseconds, pipelining allows setup and drawing t o  be overlapped. 

gons are f i l l e d  a t  the ra te  of u p  t o  44 mi l l i on  pixels per second. 

Both vectors and polygons may be generated w i t h  arbitrary,  user- 

Vectors are drawn a t  the ra te  o f  

While the setup time for  a vector i s  six 

Poly- 

3 . 3  IRIS Software Organizat ion 

The IRIS Graphics Library makes the IRIS graphics hardware available t o  

applications programmers. This general display processing system allows an 

applications programer t o  describe and manipulate objects i n  world space. 

The graphics software divides a program into two processes. 

cations process i s  written by the user and issues graphics commands. 

Commands are messages t o  the display process, which controls the IRIS 

graphics hardware. 

The appli- 

Graphics commands are issued i n  one of two modes. In immediate mode, 

the commands are immediately interpreted and drawn on the screen; i n  display 

In both 

ned coordinate 

a viewport and 

i n t o  screen 

use mode, they are stored i n  data structures and drawn la te r .  

modes, the drawing  comands spec 

system. Before drawing commands 

a viewing window must be defined 

fy coordinates i n  a user-def 

are interpreted by the IRIS, 

t o  convert these coordinates 
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coord inates.  The I R I S  screen i s  1024 x 768 p i x e l s ,  w i t h  windowing commands 

assume a r ight -handed system w i t h  y - a x i s  p o i n t i n g  upward (F ig .  2 ) .  

The a p p l i c a t i o n s  process has access t o  a l i b r a r y  o f  subrout ines c a l l -  

ab le  f rom a h i g h - l e v e l  programming language. 

b r a r y  cause messages t o  be sent  t o  t h e  d i s p l a y  process, where t h e  graph ics  

process ing i s  done. 

Pascal compi lers  which have been op t im ized t o  generate 68020 i n s t r u c t i o n s .  

Procedure c a l l s  t o  t h i s  li- 

The I R I S  sof tware environment suppor ts  C, FORTRAN77 and 

4. INTERACTIVE FLOW FIELD DISPLAYS 

H i s t o r i c a l l y ,  a technique c a l l e d  f l o w  v i s u a l i z a t i o n  has been v e r y  

impor tant  t o  f l u i d  dynamics research. When per forming a water tunne l  t e s t ,  

t h e  s c i e n t i s t  in t roduces  l i q u i d  dye and observes t h e  p a t t e r n s  o f  t h e  dye as 

water f l o w  through t h e  tank  [lo].  

Photographing t h e  f l u i d  f l o w  i s  a p r i n c i p a l  d i a g n o s t i c  t o o l  f o r  wind tunne l  

t e s t s .  

c a p a b i l i t y  t o  v i s u a l i z e  n u n e r i c a l  f lows.  Use o f  i n t e r a c t i v e  graph ics  d i s -  

p l a y s  i n  CFD research i s  i n c r e a s i n g  d r a m a t i c a l l y  w i t h  t h e  a v a i l a b i l i t y  of 

c o l o r  t e r m i n a l s  and works ta t ions  t h a t  can per form three-dimensional  perspec- 

t i v e  and v iewing  t rans format ions  i n  hardware. Th is  c a p a b i l i t y  a l lows t h e  

r e a l - t i m e  r o t a t  i o n  and t r a n s 1  a t  i o n  o f  3D images ( g r a p h i c a l  " o b j e c t " )  on t h e  

d i s p l a y  screen. It proves i n v a l u a b l e  i n  v i s u a l i z i n g  and understanding t h e  

geometry as w e l l  as t h e  r e s u l t i n g  s o l u t i o n s  o f  CFD c a l c u l a t i o n s .  

He can then v i s u a l i z e  t h e  f l u i d  f l o w .  

One major  goal  i n  CFD i s  t o  use computer g raph ics  t o  p r o v i d e  t h e  

The i n t e r a c t i v e  computer program c a l l e d  PLOT3D was developed and i s  

w i d e l y  used a t  NASA Pmes Research Center. 

Langley Research Center and a t  o t h e r  Government, indus t ry ,  and u n i v e r s i t y  

s i t e s  as w e l l .  PLOT3D works o f f  t h e  I R I S  Workstat ion.  It has t h e  capa- 

b i l i t y  o f  dynamica l l y  d i s p l a y i n g  f l o w  f i e l d  q u a n t i t i e s  r e s u l t i n g  f rom CFD 

c a l c u l a t i o n s  as w e l l  as t h e i r  geometries. PLOT3D i s  c u r r e n t l y  b e i n g  

It has gained p o p u l a r i t y  a t  NASA 
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improved t o  handle m u l t i p l e  g r i d  s o l u t i o n  t h a t  r e s u l t  f rom u s i n g  zonal g r i d  

re f inement  [ll], o r  over lapped g r i d s .  

below t o  g i v e  an i d e a  o f  c u r r e n t  graphics d i s p l a y  c a p a b i l i t i e s .  

Some elements o f  PLOT3D are descr ibed 

There i s  one t h i n g  worth mentioning, though, PLOT3D was developed and 

w i d e l y  used a t  NASA Pmes Research Center. 

Langley Research Center f o r  v e r y  long. 

here, a t  NASA Langley, t o  c o n s u l t  a user when he runs  i n t o  some d i f f i -  

c u l t i e s .  It took t h e  author  a few months t o  convince people t h a t  t h e r e  was 

a "bug" i n  a v e r s i o n  o f  PLOT3D used a t  NASA Langley, so t h a t  t h e  person who 

was r e s p o n s i b l e  f o r  i t  would contac t  i t s  c r e a t o r  t o  c o r r e c t  and p r o v i d e  t h e  

new v e r s i o n  t o  NASA Langley. 

It has n o t  been used a t  NASA 

So, t h e r e  i s n ' t  a r e a l  e x p e r t i s e  

4.1 Flow F i e l d  Q u a n t i t i t e s  

A CFD s o l u t i o n  t o  t h e  Eu ler  o r  Navier-Stokes equat ions r e s u l t s  i n  t h e  

va lues  o f  dens i ty ,  momentum ( t h r e e  components), and energy ( o r  o t h e r  b a s i c  

v a r i a b l e s ) ,  a t  d i s c r e t e  p o i n t s  i n  t h e  f i e l d  about t h e  geometry o f  i n t e r e s t .  

A d d i t i o n a l  q u a n i t i t i e s  can be c a l c u l a t e d  f rom these b a s i c  var iab les ,  i n c l u d -  

i n g  pressure c o e f f i c i e n t ,  Mach nunber, temperature, and v o r t i c i t y ,  e t c .  

These q u a n t i t i e s  a re  considered t o  be i n  one o f  t w o  ca tegor ies :  

vec tor .  Var ious techniques can be used t o  d i s p l a y  these v a r i a b l e s .  

i l l u s t r a t i o n s ,  most f i g u r e s  shown i n  t h i s  r e p o r t  were d isp layed u s i n g  PLOT3D 

w i t h  t h e  numerical  s o l u t i o n s  t o  t h e  E u l e r  equat ions about t h e  f i g h t e r - a i r -  

c r a f t  c o n f i g u r a t i o n  [12]. 

Th is  i l l u s t r a t e s  t h e  c a p a b i l i t y  of PLOT3D i n  d e a l i n g  w i t h  m u l t i p l e  g r i d  

s o l u t i o n s .  

s c a l a r  o r  

For 

The f l o w  f i e l d  composes o f  f o u r  g r i d  systems. 
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4.1.1 Sca la r  Q u a n t i t i e s  

The t y p i c a l  t ype  o f  d i s p l a y  used f o r  sca la r  q u a n t i t i e s  i s  contours.  In 

two-dimensional v iscous  f l o w  over an a i r f o i l ,  pressure contours  can be p l o t -  

t e d  t o  i n d i c a t e  t h e  shock l o c a t i o n  and s tagna t ion  p o i n t  (F ig .  7)  [13]. 

Contours are used t o  i n d i c a t e  t h e  va lue  o f  q u a n t i t y ,  b u t  t h e y  a l s o  h i g h l i g h t  

1 arge g r a d i e n t  reg ions  by  t h e i r  convergence. I n  F ig .  8, con tours  o f  Mach 

number show t h e  b u i l d  up of t h e  boundary l a y e r  on t h e  a i r f o i l ,  t h e  shock, 

and t h e  wake behind t h e  a i r f o i l .  

s t r u c t u r e  i s  ob ta ined from t h i s  and s i m i l a r  p l o t s .  

s l i c e s  of t h e  s o l u t i o n  can s t i l l  be p l o t t e d  as contour l i n e s .  However, t h e  

3D g r i d  may n o t  be n i c e l y  o r i e n t e d  f o r  g raph ica l  d i s p l a y .  

way i s  t o  i n t e r p o l a t e  t h e  s o l u t i o n  on t o  a b e t t e r  g r i d  f o r  viewing. 

t h i s  i s  n o t  t r i v i a l ,  and r e q u i r e s  a t t e n t i o n  t o  preserve such t h i n g s  as t h e  

d e t a i l s  o f  t h e  boundary l a y e r  and geometry shape from t h e  o r i g i n a l  computa- 

t i o n .  

A c l e a r  and d e t a i l e d  p i c t u r e  o f  t h e  f l o w  

I n  t h r e e  dimensions, 

An a l t e r n a t i v e  

But 

As a s l i g h t l y  d i f f e r e n t  way o f  p resen t ing  contour i n f o r m a t i o n  on a 

l i m i t e d  number o f  s l i c e s  of a three-dimensional  g r i d ,  c o l o r  shading can be 

used. Here each g r i d  c e l l  i s  co lo red  according t o  i t s  average value. Co lor  

shading i s  used i n  Fig.  9 t o  show t h e  d e n s i t y  v a r i a t i o n s  on t h e  surface of 

t h e  f i g h t e r  a i r c r a f t  c o n f i g u r a t i o n .  

low d e n s i t y  r e g i o n  i s  seen near t h e  l ead ing  edge o f  t h e  wing where shock 

wave i s  formed. 

d i f f e r e n t  view p o i n t .  

d iscussed i n  Sec t ion  4.3 .  

n i f i c a n c e  o f  c o l o r  shading. 

High d e n s i t y  i s  seen a t  t h e  nose and 

F igu re  10 shows t h e  same v a r i a t i o n s  as i n  F ig .  9 b u t  a t  t h e  

This  r e s u l t s  f rom t h e  dynamic d i s p l a y  c a p a b i l i t y  

From these f i g u r e s ,  one can c l e a r l y  see t h e  s ig-  

To present  i n f o r m a t i o n  throughout t h e  f i e l d ,  contour l i n e s  can be p l o t -  

t e d  a t  many planes ( s l i c e s )  of t h e  g r i d .  Color i s  e s s e n t i a l  i n  
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d i s t i n g u i s h i n g  t h e  d i f f e r e n t  contours.  

a r e  used, though, t h e  p l o t  can be t o o  confus ing  t o  be understood. 

4.1.2 Vector F i e l d s  

If more than a few contour l e v e l s  

When d i s p l a y i n g  a vec to r  f i e l d ,  bo th  d i r e c t i o n  and magnitude must be 

presented. 

and o f  a d i s p l a y i n g  technique. The ex i s tence  o f  f l o w  separa t ions  behind t h e  

shock i n  Fig.  8, f o r  instance, c o u l d  be e a s i l y  determined b y  p l o t t i n g  veloc- 

i t y  vec tors .  I n  three-dimensional  f lows, i n t e r p r e t a t i o n  o f  vec to r  i s  more 

d i f f i c u l t ,  as o n l y  a 20 p r o j e c t i o n  o f  t h e  vec to rs  can be viewed a t  a t ime.  

By d i s p l a y i n g  t h e  same s l i c e  f rom d i f f e r e n t  view po in ts ,  some impor tan t  

i n fo rma t ion  about t h e  f l o w  may n o t  be detected. 

V e l o c i t y  vec to rs  are a t y p i c a l  example, bo th  o f  a vec to r  f i e l d ,  

Th i s  can l e a d  t o  a mis- 

i n t e r p r e t a t i o n  o f  r e s u l t s .  

and s k i n  f r i c t i o n ,  are vec to r  f i e l d s  i n  three-dimensional  f lows,  w h i l e  i n  

two-dimensional f l o w s  these v a r i a b l e s  have o n l y  one nonzero component, and 

are t h e r e f o r e  t h r e a t e d  as sca l  ars. 

Several f l o w  f i e l d  q u a n t i t i e s ,  such as v o r t i c i t y  

4.2 Flow F i e l d  S t r u c t u r e - P a r t i c l e  Trac ing  

P l o t s  o f  s c a l a r  v a r i a b l e s  o r  vec to r  f i e l d s  o f t e n  do n o t  p rov ide  a c l e a r  

P i c t u r e  o f  t h e  s t r u c t u r e  of t h e  flow f i e l d ,  i n c l u d i n g  flow s e p a r a t i o n s ,  

v o r t i c e s ,  and shocks. This  can be p a r t i c u l a r l y  f r u s t r a t i n g ,  as such fea- 

t u r e s  are b e a u t i f u l l y  i l l u s t r a t e d  b y  photographs, smoke o r  dye i n j e c t i o n  

techniques, o r  o i l  f low p a t t e r n s  i n  wind tunne l  experiments [ lo] .  

severa l  analogues techniques can be employed t o  p r o v i d e  t h e  equ iva len t  " f low 

v i s u a l i z a t i o n "  f o r  computed r e s u l t s .  

valuable,  p a r t i c u l a r l y  t h a t  o f  p a r t i c l e  t r a c i n g .  

I n  CFD, 

These methods have proved extremely 

The technique 

th rough t h e  vec to r  

o f  p a r t i c l e  t r a c i n g  i n v o l v e s  f o l l o w i n g  t h e  l o c a l  tangent  

f i e l d .  Th i s  technique has proved t o  be v e r y  va luab le  i n  
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understanding t h e  s t r u c t u r e s  of  c a l c u l a t e d  f lows,  and i t  mimics f l o w  v i s u a l -  

i z a t i o n  techniques used i n  t h e  wind tunne ls .  It t e l l s  us where t h e  f l u i d  i s  

going. 

p o i n t .  

connard. I n  F ig .  13, another group o f  p a r t i c l e s  a re  i n j e c t e d  near t h e  lead- 

i n g  edge o f  t h e  wing. 

F igures  11 and 1 2  i l l u s t r a t e  t h i s  technique f rom a d i f f e r e n t  view- 

Here a group o f  p a r t i c l e s  a re  i n j e c t e d  near t h e  l ead ing  edge of  t h e  

Vor t i ces  are  c l e a r l y  seen f rom these f i g u r e s .  

From above f i g u r e s  one can see t h a t  an impor tan t  t ask  when p l o t t i n g  

p a r t i c l e  t r a c e s  i s  t h e  placement o f  ( a  l i m i t e d  number o f )  p a r t i c l e s ,  i n  such 

a way t h a t  t h e y  c l e a r l y  show t h e  f l o w  s t r u c t u r e  w i thou t  becoming a tang led  

mass o f  spaghe t t i .  

4.3 Dynamic D i s p l a y  and D i  agnos t ic  I n fo rma t ion  

I n  us ing  f l o w  v i s u a l i z a t i o n  techniques, t h e  a b i l i t y  t o  r o t a t e  and zoom 

a three-d imensional  d i s p l a y  i s  ex t remely  impor tan t .  The r e l a t i v e  p o s i t i o n s  

and shape o f  con tour  l i n e s ,  p a r t i c l e  t races ,  o r  g r i d  fea tu res  cou ld  n o t  be 

eva lua ted  w i thou t  t h i s  c a p a b i l i t y .  

d i f f e r e n t  v iewpo in ts  f o r  t h e  same va r iab les .  

t h e  dynamic d i s p l a y  c a p a b i l i t y .  

revealed.  

Most f i g u r e s  i n  t h i s  r e p o r t  a re  shown a t  

These f i g u r e s  r e s u l t e d  from 

The s i g n i f i c a n c e  o f  t h i s  c a p a b i l i t y  i s  

The c h i e f  use o f  g raph ics  has been t o  p rov ide  understanding o f  f l o w  

f i e l d  phenomena and t h e  e f f e c t s  o f  va r ious  c o n f i g u r a t i o n a l  changes. I n  CFD, 

however, g raph ics  d i sp lays  are  a l s o  used e x t e n s i v e l y  t o  assess t h e  accuracy 

o f  a c a l c u l a t i o n .  Graphics d i s p l a y s  are  a l s o  used when developing new codes 

o r  a lgor i thms t o  look  f o r  e r ro rs ,  i ncons is tenc ies ,  o r  improper modeling. 

Sometimes graph ics  p rov ides  t h e  o n l y  p r a c t i c a l  way o f  d e t e c t i n g  e r r o r s  i n  a 

complex code. 

complex m u l t i p l e  g r i d  system i s  c rea ted  c o r r e c t l y .  

For  example, g raph ics  i s  t h e  o n l y  way t o  de tec t  whether a 

F igu re  14 shows g r i d  
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l i n e s  of t h e  a i r c r a f t  c o n f i g u r a t i o n .  The c o n f i g u r a t i o n  c o n s i s t s  o f  four  

g r i d  systems. 

p roper ly ,  one would de tec t  t h e  problem immediate ly  b y  v iewing  a t  t h e  

d i spl  ays . 

If t h e  g r i d  l i n e s  of  d i f f e r e n t  g r i d  systems do n o t  connect 

5. cowcLusIoNs 
A process f o r  t h e  c o l o r  v i s u a l i z a t i o n  o f  f l o w  f i e l d  v a r i a b l e s  us ing  

d i g i t a l  imaging techniques has been presented. The process o f fe rs  a 

researcher  a q u a l i t a t i v e  t o o l  t o  analyze h i s  r e s u l t s  f rom t h e  CFD computa- 

t i o n .  A f l o w  v i s u a l i z a t i o n  code r e f e r r e d  t o  as PLOT3D has been developed 

and w i d e l y  used f o r  d i s p l a y i n g  g r i d s  and f l o w  f i e l d s  q u a n t i t i e s  i n  e i t h e r  

s t a t i c  o r  dynamic mode. 

overv iew o f  t h e  IRIS works ta t i on  wa descr ibed as w e l l .  The d i g i t a l  imaging 

technique reduces a l a r g e  volune o f  numeric da ta  t o  a p i c t o r i a l  f rom which 

can be q u i c k l y  eva lua ted  b y  v i s u a l  nspect ion.  It a l s o  enhances da ta  

p resen ta t i on  and documentation. 

Th is  code i s  r u n  on a c o l o r  IRIS works ta t ion .  The 
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APPENDIX A 

A G U I D E  TO THE USE OF PLOT3D 

Introduction 

PLOT3D i s  a flow visualization code created a t  NASA h e s  and runs on 

UNIX operated IRIS Workstations. 

ledge about the UNIX operating system. 

i n g  grids, flow f ie ld  quantities, par t ic le  tracing, e tc .  

quantit ies i n  e i ther  s t a t i c s  or dynamics mode. 

can t ranslate ,  rotate or zoom the image through the use of  a mouse. PLOT3D 

i s  a useful too l  fo r  a CFD researcher. A CFD researcher can e i ther  analyze 

or diagnose his d a t a  u t i l i z i n g  PLOT3D. 

users who would l ike  t o  o b t a i n  experience w i t h  PLOT3D. 

To use PLOT3D requires only a l i t t l e  know- 

PLOT3D has a capabili ty of d isp lay-  

I t  displays these 

In the dynamics mode, a user 

This report i s  a quick guide for new 

Since, PLOT3D also has the capabili ty o f  dealing w i t h  multiple grids 

(several g r i d  systems combined i n  a flow f ie ld ,  i t  i s  called "Zonal Grid" by 

some). 

grids.  

t h i n g s  needed for  multiple grids.  

T h i s  report i s  divided i n t o  two parts, s.ingle g r i d  and multiple 

Single g r i d  i s  outlined f i r s t .  There are only a few a d d i t i o n a l  

Single Gr id  - The f i r s t  question t h a t  comes t o  a new user 's  mind i s ,  

"What i s  needed i n  order t o  d i s p l a y  flow f i e ld  data u t i l i z i n g  PLOT3D?". 

In general, there are two se t s  of data needed for PLOT3D. They are 

d a t a  s e t s  for  g r i d  points (x-y-z) and flow quantities ( p ,  p u ,  p v ,  pw,  E t ) .  

I f  the user i s  interested only i n  displaying g r i d  po in t s ,  however, d a t a  s e t s  

f o r  flow quantit ies are n o t  needed. Data sets  can be created on the IRIS, 

b u t  a user would need t o  know more about the IRIS (Compilat ion,  e tc . )  and 

U N I X .  Also, i n  r ea l i s t i c  terms, a user runs his CFD code on NOS or VPS-32 
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and s to res  h i s  r e s u l t s  i n  a f i l e  ( o r  f i l e s )  r e s i d i n g  i n  NOS memory. So, i t  

makes sense f o r  t h i s  r e p o r t  t o  descr ibe  how t o  g e t  these da ta  s e t s  (on NOS) 

ready f o r  PLOT3D. 

PLOT3D takes  da ta  f i l e s  i n  FORTRAN FORMATTED o r  UNFORMATTED form. 

However, under I R I S / U N I X ,  1 /0  i s  done much more e f f i c i e n t l y  us ing  B INARY 

f i l e s .  

recomend t h a t  t h e  user w r i t e  h i s  da ta  as B INARY f i l e s .  Since B INARY f o r -  

mats may be d i f f e r e n t  f o r  d i f f e r e n t  machines, a convers ion f i l e  has been 

w r i t t e n  t o  conver t  a FORTRAN FORMATTED f i l e  i n t o  BINARY f i l e  s u i t e d  f o r  

PLOT3D. The user  needs t o  use t h i s  f i l e  t o  conver t  h i s  FORTRAN FORMATTED 

da ta  f i l e s  i n t o  B I N A R Y  f i l e s  (un less  he wishes t o  w r i t e  h i s  convers ion code 

h imse l f ) ,  and send them f rom NOS t o  t h e  I R I S .  

f o r  g e t t i n g  t h e  da ta  f i l e s  ready f o r  PLOT3D. 

w r i t e  t h e  da ta  i n  t h e  r ight -handed coord ina te  system, o therw ise  unexpected 

e r r o r s  may r e s u l t .  

For  t h i s  reason, B INARY i s  t h e  d e f a u l t  under PLOT3D, and i t  i s  

Below i s  a b r i e f  procedure 

Note t h a t  t h e  user  should 

F i r s t  - w r i t e  t h e  da ta  f i l e s  r e s u l t i n g  f rom a CFD code as f o l l o w s :  

Gr id  f i l e  (x-y-z  f i l e )  

WRITE(unit , lo )  ID IM,JDIM,KDIM 

WRITE( u n i  t ,20) ( ( ( X  (I, J,K) , I = l ,  I D I M )  , J=1, JDIM) ,K=l,KDIM) 

WRITE(unit,ZO) ( (  (Y(I,J,K),I=1,IDIM),J=1,JDIM),K=1,KDIM) 

WRITE(unit,20) ( (  (Z(I,J,K),1=1,IDIM),J=1,JDIM),K=l,KDIM) 

FORMAT(. . . . . ) 
FORMAT ( . . . . . ) 

10 

20 

Flow v a r i a b l e  f i l e  ( Q - f i l e )  ..... Should be i n  a separate f i l e  

WRITE(unit , l o )  IDIM,JDIM,KDIM 
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WRITE( u n i t  ,20) FSMACH,ALPHA,RE,TIME 

WRITE ( u n i  t ,30) ( ( ( ( Q (  I, J, K, NX) , I = l ,  IDIM) , J= l ,  JD IM) ,K=l,KD IM) ,NX=1,5) 

where FSMACH = Mach Number 

ALPHA = Angle o f  a t t a c k  

RE = Reynolds Number 

T I M E  = Time 

Q(I,J,K,~) = p = Densi ty  

Q(I,J,K,Z) = pu  = x-momentun 

Q(I,J,K,3) = p v  = y-momentun 

Q(I,J,K,4) = pw = z-momentun 

Q(I,J,K,5) = E t  = Energy 

If t h e  user  i s  i n t e r e s t e d  i n  d i s p l a y i n g  d e n s i t y  on ly ,  he needs t o  f i l l  

up t h e  r e s t  o f  Q, i .e.,  Q(I,J,K,NK),NK = 2,5, w i t h  some dummy values. 

Note t h a t  c e r t a i n  re fe rence  c o n d i t i o n s  are  assumed i n  c a l c u l a t i n g  some 

f u n c t i o n s  . 
poa = 1  ( f  reestream dens i t y )  

= 1  ( f rees t ream speed o f  sound) 
W 

C 

P 0 = l lgamna ( f rees t ream pressure)  

l V O D l  = M * C ( f rees t ream v e l o c i t y  magnitude) 

g a m a  = 1.4 ( r a t i o  o f  s p e c i f i c  heats )  

R = 1  (gas constant )  

OD W 

It i s  a good i d e a  f o r  a user  t o  change h i s  re fe rence  c o n d i t i o n s  in 

accordance w i t h  t h e  above condt ions  be fo re  w r i t i n g  o u t  h i s  da ta  f i l e .  

Second - Use t h e  convers ion rou t i ne ,  CONVXEQ, t o  conver t  t h e  d a t a  f i l e s  

i n t o  t h e  B I N A R Y  fo rmat .  I n  o rde r  t o  use t h i s  r o u t i n e  some i n f o r m a t i o n  i s  
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needed a t  t h e  beg inn ing  o f  t h e  f i l e .  

comments and r e q u i r e d  format s p e c i f i c a t i o n s .  

Below i s  an example o f  a t y p i c a l  PLOT3D f i l e .  

The in fo rma t ion  c o n s i s t s  o f  o p t i o n a l  

For d e t a i l s  see Appendix B .  

C-EXAMPLE PLOT3D FILE HEADING 

c .......... 
F3 

(315 1 
F l O O O  

(5F12.7) 

10 10 1 0  

.ooooooo .1000000 .2000000 .3000000 .4000000 

........ ........ ........ ........ ........ 
........ ........ ........ ........ ........ 

From t h e  example, F3 and (315) and F l O O O  and (5F12.7) a re  r e f e r r e d  t o  

as format s p e c i f i c a t i o n  p a i r s .  Some warning needs t o  be made here. 

-- There may n o t  be more than 10  format  s p e c i f i c a t i o n  p a i r s  i n  a f i l e .  

-- There may n o t  be more than 10  nuner i c  charac ter  s t r i n g s  on a l i n e .  

i . e . ,  

F11 

( 1 1F12.5) 

Th is  w i l l  n o t  work. 

--  A fo rmat  t h a t  r e s u l t s  i n  t h e  uneven nunber f o r  each l i n e  should n o t  

be used, i.e., 

F11 
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(5F12.5) 

1 .ooooo ....... ....... ....... ....... 
....... ....... ....... ....... ....... 

....... 
The l a s t  l i n e  has a d i f f e r e n t  nunber o f  s t r i n g s  than t h e  r e s t  ( 1  

ins tead o f  5 ) .  

n o t  avoid it, two format  p a i r s  may be used. 

w r i t t e n  as 

Th is  w i l l  r e s u l t  i n  an unexpected e r r o r .  If t h e  user can 

The above example may be 

F10 

( 5F 12.5) 

F 1  

(1F12.5) 

A f t e r  these headings have been p u t  i n  a da ta  f i l e ,  t h e  user can conver t  

h i s  da ta  f i l e  t o  BINARY form b y  t h e  f o l l o w i n g  procedures. 

GET , CON VXE Q/ U N= 2 7 65 19C 

CONVXEQ,f i lenamel < CR > ( f i lename1 = d a t a f i l e )  

REPLACE,TAPE4=filename2 < CR > ( f i lename2 = name t o  be saved as 

< C R  > 

NOS permanent f i l e )  

Now t h e  user has  a BINARY f i l e  i n  NOS memory. To t r a n s f e r  t h e  f i l e  t o  

Type 7 1  f o r  ENTER RESOURCE and BRIDGE f o r  USER t h e  I R I S ,  l o g  o f f  f rom NOS. 

NAME and t h e  r e s t  i s  j u s t  s imp ly  answering quest ions.  

APPENDIX C. The procedure here i s  easy. 

many new users have made. 

lowercase l e t t e r s  are d i s t i n c t .  

are s e t  as uppercase b y  "Caps Lockll, i f  t h e  user f o r g e t s  t o  re lease t h i s  

key, he may n o t  be able t o  t r a n s f e r  h i s  f i l e s  t o  t h e  I R I S .  

r e s u l t  be fore  f i n d i n g  i t  out .  

For example, see 

However, t h e r e  i s  a common mistake 

Recal l  t h a t  under t h e  U N I X  system uppercase and 

For  example, on most t e r m i n a l s  t h e  l e t t e r s  

Headaches may 
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The user, now, has data files on the IRIS ready for PLOT3D. Log onto 

the IRIS and after getting a prompt type : plot3d, this will lead the user 

into the interactive PLOT3D program (similar to TBGG, an interactive grid 

generation program). Since this report is intended to give just a brief 

outline to get a new user started on using PLOT3D, details of how to use 

PLOT3D will not be given here. 

an outline of some common options is given. 

D. 

A demonstration will be sufficient. Here, 

For more details see Appendix 

The first option which a user should select is "read." PLOT3D reads in 

If the user is interested only in dis- both grid and flow variables files. 

playing grid points, just hit < CR > when asked for Q file. 

are a few common options a user may select. 

The following 

% walls 

- -  specifies which parts of the grids should be drawn for all plots, 

indicating the grid "geometry" or "configuration." 

walls can be added from the previous walls by selecting 

"wall s/add .'I 

If one selects just "walls," however, the previous walls will be 

de 1 eted . 

--  

%function 

-- allows the selection of the function nunber(variab1es) t o  be plot- 

ted. For example "function 100" will select density to be plotted 

when ''plot" option is type. 

Appendix D. 

For more details of function see 

% contours 

-- selects contour levels or ranges of the function (variables) to be 

plotted. 
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-- T h i s  o p t i o n  i s  u s e f u l  when one would l i k e  t o  d i s p l a y  a s c a l a r  

func t ions .  

% subsets 

- -  s p e c i f i e s  a p lane ( o r  planes) on which a f u n c t i o n  ( v a r i a b l e )  i s  

p l o t t e d .  

no te  t h a t  subsets i s  s e t  t o  every  g r i d  p o i n t  i f  t h i s  o p t i o n  i s  

never chosen. 

- -  
So, i f  t h e  user at tempts t o  p l o t  a f u n c t i o n  w i t h o u t  

s e l e c t i n g  subsets, t h e  image on t h e  screen may look  v e r y  confus ing 

and t o o  much t i m e  may be consumed. 

F o r  p a r t i c l e  t races,  s e l e c t  " f u n c t i o n  300," then "rakes." 

% rakes 

- -  s p e c i f i e s  t h e  s t a r t i n g  l o c a t i o n s  and a t t r i b u t e s  o f  p a r t i c l e  

t races .  

If t o o  many l o c a t i o n s  are  chosen, t o o  much computat ional  t i m e  i s  

needed, a l s o  t h e  p a r t i c l e  t r a c e s  may look  l i k e  a mess of 

- -  

s p a g h e t t i  . 
Note t h a t  one can r e s t r i c t  t r a c e s  t o  remain i n  p h y s i c a l  o r  compu- 

t a t i o n a l  p lanes. If t h e  user i s  i n t e r e s t e d  i n  t r a c i n g  t h e  p a r t i -  

c l e  f o r  t h e  whole f l o w  f i e l d ,  however, he needs t o  s e l e c t  "sub- 

s e t s "  t o  be every  g r i d  p o i n t s  ( i f  "subsets" have been chosen 

o therw ise)  . 

--  

A f t e r  wa l ls ,  f u n c t i o n ,  subsets, contour  o r  rakes have been decided upon, one 

types  ' lp lo t ' '  t o  d i s p l a y  t h e  image. 

M u l t i p l e  G r i d s  - There are  o n l y  a few v a r i a t i o n s  i n  d i s p l a y i n g  f low 

f i e l d  v a r i a b l e s  r e s u l t i n g  from m u l t i p l e  g r i d  c a l c u l a t i o n s .  

e x i s t  s imp ly  because one needs to ,  somehow, t e l l  PLOT3D t h a t  he i s  working 

w i t h  m u l t i p l e  g r i d s .  

These v a r i a t i o n s  
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% 61 anking 

An a r r a y  IBLANK can be inc luded i n  t h e  x-y-z g r i d  f i l e  which supp l ies  

PLOT3D w i t h  i n fo rma t ion  on g r i d  topology.  

some p o i n t s  i n  t h e  g r i d  are " tu rned o f f "  ( s o  contours are n o t  p l o t t e d  

through t h i s  reg ion ) ,  o r  how m u l t i p l e  g r i d s  are connected ( t o  a i d  i n  p a r t i -  

c l e  t r a c i n g ) .  

IBLANK i s  zero, and da ta  a t  t h a t  p o i n t  (xyz,  Q )  are never used. 

va lue  f o r  IBLANK i n  t h e  i n t e r i o r  o f  a g r i d  i s  1. 

This  can be used t o  i n d i c a t e  t h a t  

The corresponding g r i d  p o i n t  i s  assumed tu rned  o f f  where 

The normal 

IBLANK can be used i n  s i n g l e  g r i d  as w e l l  as m u l t i p l e  g r i d s .  IBLANK i s  

p a r t i c u l a r l y  use fu l  f o r  p a r t i c l e  t r a c i n g  ( f o r  m u l t i p l e  g r i d ) .  

o f  ll-nll means t h a t  phys i ca l  t r a c e  l eav ing  t h e  c u r r e n t  g r i d  here w i l l  con- 

t i n u e  i n  g r i d  ''n.'' If a sur face  o f  a g r i d  volune element i s  common t o  more 

than one g r i d  system, d i f f e r e n t  IBLANK may be used a t  d i f f e r e n t  g r i d  p o i n t s  

o f  t h a t  sur face.  

IBLANK va lue  

Fo r  m u l t i p l e  g r i d s ,  w r i t e  statements f o r  da ta  f i l e s  f o l l o w i n g  t h e  

example below: 

Gr id  f i l e  (x -y -z  f i l e )  

WRITE(unit,lO) N G R I D  

WRITE(unit,20) (IDIM( IGRID),JDIM(IGRID) ,KDIM(IGRID),IGRID=l,NGRID) 

DO 30 IGRID=l,NGRID 

WRITE(unit,40) ( (  (X(I,J,K) ,I=l,IDIM( IGRID)),J=l,JDIM(IGRID),K=l,KDIM 

(IGRID)) 

WRITE(unit,40) ( (  ( Y (  I,J,K),I=l,IDIM( IGRID)),J=l,JDIM(IGRID),K=1,KDIM 

(IGRID)) 

WRITE(unit,40) ( (  (Z(I,J,K),I=l,IDIM( IGRID)),J=l,JDIM( IGRID),K=l,KDIM 

(IGRID)) 
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WRITE(unit,SO) (((IBLANK( I,J,K),I=l, IDIM(IGRID)),J=1,JDIM(IGRID) 

,K= 1 ,KD I M  ( I G R  ID) ) 

30 CONTINUE 

Note t h a t  IBLANK a r r a y  cn be neglected i f  no t  needed. 

Flow v a r i a b l e  f i l e  ( Q - f i l e )  

WRITE( u n i t  , l o )  N G R I D  

WRITE( un i t  ,2 0) 

DO 30 I G R I D = l , N G R I D  

WRITE( u n i  t ,40) FSMACH,ALPHA,RE,TIME 

WRITE(unit,40) ( (  ( ( Q (  I,J,K,NX),I=1,IDIM(IGRID)),J=1,JDIM 

( I D IM( I GR ID) , JDIM( I GR ID) ,KD IM( I GR ID) , I GR ID=1, NGR ID) 

(IGRID) ),K=~,KDIM(IGRID) ),Nx=I,~) 

30 CONTINUE 

The convers ion t o  B I N A R Y  f i l e s  and t r a n s f e r r i n g  them t o  t h e  I R I S  a r e  

t h e  same as i n  s i n g l e  g r i d  and w i l l  no t  be descr ibed again. 

Here are a few op t ions  i n  PLOT3D which are d i f f e r e n t  f rom s i n g l e  g r i d .  

% read/mgrid 

--  ins tead  o f  j u s t  "read." 

% read/mgrid/blank 

-- 
% w a l l  s / g r i  d=N 

-- 
- -  i f  t h e  user chooses j u s t  I lgrid," i t  w i l l  assume N = l .  

% s u b s e t l g r i  d=N 

i f  IBLANK i s  a r r a y  i s  added. 

where N = g r i d  nunber 
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-- same as i n  "wal ls . "  

- -  note:  

any p a r t i c u l a r  g r i ds ,  he needs t o  t u r n  o f f  subsets o f  g r i d s  which 

when one choose t o  p l o t  contour on p a r t i c u l a r  sur faces o f  

he i s  n o t  i n t e r e s t e d  i n  p l o t t i n g .  

equal t o  every  g r i d  p o i n t  o f  each g r i d .  

Reca l l  t h a t  subsets are s e t  

I f  one i s  i n t e r e s t e d  i n  

t r a c i n g  a p a r t i c l e  f o r  t h e  whole f l o w  f i e l d ,  he needs t o  s e t  these 

subsets t o  every  g r i d  p o i n t  o f  each g r i d .  

M i  sce l  1 aneous 

-- op t ions  w i l l  s t a y  on PLOT3D u n t i l  t h e  user  changes them. For 

example, one can do contour p l o t t i n g  of d i f f e r e n t  f u n c t i o n s  b y  j u s t  hange 

" funct ion."  Here "contours" i s  n o t  changed, d i f f e r e n t  f u n c t i o n s  w i l l  be 

p l o t t e d  w i t h  t h e  same contour l eve l s ,  e t c .  

-- MOUSE 

- R igh t  b u t t o n  -- t r a n s l a t i o n  

- Middle b u t t o n  -- zooming 

- L e f t  b u t t o n  -- r o t a t i o n  

- The t ransformat ions are performed s l o w l y  i f  a l o t  o f  g r i d  p o i n t s  a re  

t o  be d isp layed.  However they  are performed so f a s t  t h a t  t h e  user  

can n o t  have t h e  good c o n t r o l  o f  t h e  MOUSE, i f  t o o  few g r i d  p o i n t s  

a re  t o  be d isp layed.  
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APPENDIX B 

NOS + IRIS DATA CONVERSION 
Mikc Fbchbcin 

Verrion r.0, 6 Mard 1988 

The routine CONVXEQ t r r n r l r t a  a file of numeric character rtringr to a packed binvy  6 l e  ruit.ble 
for direct t r d e r  to the IRIS worl ta t ioer .  k e e d i a g  the numeric information in the data  file m two 
i tem:  ro optional commentr mtion,  m d  a required format wction. The information in the commtnta 
m d  format rtetioer b mit t en  to the binuy 6le dter  the numeric data. The routine CONBXEQ, with a 
e d h g  wquence rod input requirementr identical to CONVXEQ, writ- only the numeric data urd rhould 
be used if it L neccuuy to have only valid numeric data in the output file. 

COMMENTS 
Comment linea are optional. If ured, they murt be the 6mt linea in the data 6le rnd murt r t u t  with 

a capital letta IC’. They wi l l  follow the binary data in the output 6le. Up to 10 comment linea of 60 
chuactera c u b  are permitted. 

FOBMAT SPECIFICATION 
Euh p a p  of data mast have a two line format rpecification at the beginning of the fle.  There may 

be up to ten format rpnification p.in pooped togetha dter the commentr (if m y )  rod beforr the d a t r  
They UT copied to the output &le dter the commenta mtion. 

The drrt line d c u b  format rpeci6cation mrut rtvt with a capital letter ‘F’ and be followed by the 
namber of atria b which the rpecibcation applia. T h e  second line eontrinr m I, F, GI or E FORTRAN 
format rpecidcation in parenthema. For uunple,  if a thoarrod n a m h  w v t  written with a 5F10.2 for- 
mat, the format b l d  rhodd look like: 

FlOOO 
(5F10.2) 

Aa a Keond u u n p l e ,  a typical plottd fle conrirtr of one line of three integvs followed by t h o u m d a  
of real numbem. The r t - k  of thi, 6le-might be: 

C EXAMPLE PLOT3D FILE HEAD 
C FOR THE DOCUMENTATION 
C 
Fb 

F130680 
(6E12.5) 
33 11 120 

(3’4) 

.00000E+W .62500E-01 .12500E+W .18750E+00 

.37500E+00 .43750€+00 .50000E+00 .562SOE+OO 

.75000E+W .81250E+00 .D7500E+W .93750E+W 

.60676€+00 -.65733€+00 -.70769E+W -.75845€+00 
-.91014E+00 -.%07lE+00 -.lOlltE+Ol -.10616E+01 

.2SOOOE+00 .312SOE+W 

.62500E+W .68750E+W 

.10000E+01 .10625E+01 - .60902E+W - .85958E+00 
-.11124E+Ol -.11630€+01 

... 

USE OF CONYXEQ 
Call the t a p  l i b r y  (x24S6) to get A tape. It b mommendad thu a mnemonic nunc be usd 

Login to the C m&e, u it b the p r e f d  machine for t a p  wqe. GET your data  Ue(r). Get the ut& 
icy CONVXEQ with: 

CET.CONVXEQ/U N=2765 19C <u> 
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To read the tape to the IRIS, the progrun myftp rhould be ured. Have one of the i c u e  system people 
mount your tape. Then login to the icaw VAX (or have oomeonc else do it)  and type 

1 

L Note : T h i s  portion i s  not needed now. Instead, a user types; 

t h l n  your home directory, cd to  that directory. Then type 

send <cr> 

You rill be prompted for the local file nunc. Type 

REPLACE,TAPE4=f i lename 

where filename i s  the name of the B I N A R Y  file to be saved as NOS permanent 
f i l e .  
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MOVING A FILE FROM UACHINE TO MACHINE 

NASA LhNGLEY CENTRAL -COI'!PUTERS 
ENTER REFD:IHCE 71 
GO 

)love or F r i n t  o f i l e?  ( H / F / ? )  CHI:> UI . 

t r a n s f e r  made: i n t e r o c t i w e  or b o t c h ?  ( I / B / ? )  LIl3> i 
from, n o d e  ( ?  f o r  list? 0 to  q u i t ) >  ? 

Note; B I L L  i s  the I R I S  res id ing  i n  f* 
A v o i l o t l e  nodes: .. . 

12290E n m L n P i  n m L n w  .- nnH 

C! Y K  CHR c m w w  csnfc 

I c ASC NAWIER , F R ~ N D T L  

. A C D ' s  graphics Lab. CLYDE and 
FLASH are  the  other  I R I S s  
res id ing  a t  CMB (next t o  I C A S E )  

ktiC.2 AHE nnELxn BILL 

C c. f*\Ei 0 1 t w n  CYBC CY BD 
C Y P Y  CYP2 FLASH HA k LIE Y 

F ?  r i  ShHUEL SSfll SSD2 
SSS 

f r m ,  n c S e  ( ?  f o r  list, 0 t o  q u i t ) ) .  cvbv 
c y b y u E e? r n u n : c  1:. 4 693 8 1 e? 
' c y 5 y  passunrd:;. 
c y b . ) '  c 5 o r q ~  number::. >. 

t c  ( ?  f e r  ljst, 0 to q u i t ) >  b i l l  
bi 1: l i sEr:bc le  C4193Fle3>. i l o n c h a i  
\ ... b : . i :  pcrsucrrd?> > 
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NASA LANGLEY CENTRAL E D H P U T E R S  
ENTER R E S E I R C E  71 
GO 

N P S A  LonGley koscorch Center t!icroVAX/UHS U4.3 - CVP 

Move or P r i n t  a file? ( t ! /F/?)  EHJ> II 

t rans fer  m o d e :  i n t e r a c t i v e  or botch? ( f / B / ? )  CP3> i 
front n o d e  ( 7  f o r  list? 0 t o  q u i t ) >  1 

Note; B I L L  i s  the IRIS  res id ing  i n  ** A v a i l a t l e  nodes: 
122905 nJFsLnmi nIFcLnps ring 
kM.2 AflE n n E L x n  B I L L  ACD's graphics Lab. CLYDE and 
C! Y f l r  CHF cmvnx csm FLASH are the other I R I S s  c $ ti E: 0 1 
CYPY CYF2 FLASH HARVEY 
s c f , S t  NhVIEk pnn F R n t m n  
F T h  SAflUEL SSfll SSD2 
SSI: 

cypn C Y b C  CYEO residing a t  CMB (next t o  ICASE) 

from ncSe ( ?  f o r  list? Q t o  q u i t ) )  cvbv 
c y b y u c, e r n u n: e 1:. 4 693 8 1 e 
\ c y b y  passuord:;. 
c ~ b y  cborqa number.:'. >. 



APPENDIX D 
DETAILS OF PLOT3D PROGRAM 
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fOOR QUALITY 
Help Library file: plot3d 

HELP 

PLOT3D Version 3.5 27 April 1987 

Format: HELP [keyword [keyword [keyword . . .  1 I ]  

The HELP command prints information on a list of keywords. 
11 * 11 is a wildcard, while l l* . . .n matches anything at the current 
level or below. Thus "HELP * . . . ' I  prints all HELP information 
available. When responding to a "Topic?" or "Subtopic?" prompt , 
a <RETURN> pops HELP up one level, and an end-of-file terminates 
the HELP session. 

a I1 3 . 11 causes information for the current level to be repeated; 

General-information 

In this documentation, information which can be included on a 
command line which is optional is enclosed in [square brackets]. 
Control characters are denoted by a preceding caret ( n )  (i.e., 
"D for control-D). 

The basic information needed for making a plot (after reading in the 
X Y Z  and Q data files) are: (1) the function to plot (FUNCTION 
command), and ( 2 )  the plot ranges, i.e. XMIN, XMAX, etc. (MINYAX 
command). 
the commands 

A contour plot of Mach number can thus be made using 

READ/2D/XYZ=xyzfile/Q=qfile 
FUNCTION 154 
MINMAX -1 2 -1.5 1 . 5  
PLOT/2D 

Arguments can be delimited by either blanks or comas, and real 
numbers entered as integers (no decimal point) will be interpreted 
correctly. 

The VTlOO "green screen" and TEKTRONIX terminals are treated (and 
respond) identically. 

Versions for the following machines/graphics libraries are available: 

o Silicon Graphics IRIS/Unix (GL2-W3.5) 
o Silicon Graphics IRIS/Unix (GLl-W2.4) 
o VAX/VMS (V4.4) and DISSPLA (V10.5) 
o CRAY/COS (1.14) and DISSPLA (V9.2) 
o Apollo/Aegis and GMR3D (V1.0) 

If you have any suggestions or f i n d  any anomalies, please contact: 

Pieter G. Buning 
MS 258-2 
Computational Fluid Dynamics Branch 
NASA Ames Research Center 
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Moffett Field, CA 94035 
(415) 694-5194 or FTS 464-5194 

Journal-file 

During a PLOT3D session, a "jocrnal file" named PLOT3D.JOU is kept 
of all conunands entered to the program. In the case of an abnormal 
termination (i.e., crash), this fiie is saved. The file can alsa 
be saved by exiting from 2LOT3D using EXIT/SAVE (o r  QUIT/SAVE). 
Normally the journal file is deleted when the program terminates. 

Initialization-file 

When PLOT3D first starts up, it looks for a file "PLOT3DINI.COM" 
in the current directory. If the file is there, PLOT3D reads 
commands from it first, before taking input from the normal input 
device (the terminal). 

Installation-of-PLOT3D 

Installation notes for PLOT3D Version 3 :  

1. 

2 .  
3 .  

4 .  

5. 

6. 

Check dimension of WORK in MAIN. It should be at least 13 times 
the maximum number of grid points. 
Change help library filename (HLBFIL) in SUBROUTINE HLPCMD. 
COMMON blocks /WALL/ and /SUBS/ currently use -400,000 words 
each, due to the maximum number of (multiple) grids being set to 
50. To reduce this storage, change all occurrences of "MGRID=SO" 
to "MGRID-5" ( o r  whatever). 
Look at SUBROUTINE PLTCMD for current plotting device names, 
SUBROUTINE PLTDEV for calls to routines which initialize devices. 
Operating system-specific routines are at the end of the source 
file, and start with BLOCK DATA BCHPK. Check all these routines, 
but ones which will certainly need to be changed are 
BLOCK DATA BCHPK Y characters/word. 
SUBROUTINE FILNAM form of filenames on system, usually of 

SUBROUTINE GETLUN sets available unit numbers. 
LOGICAL FUNCTION INTERA interactive or not (see VMS version for 

CHARACTER*80 FUNCTION STDDEV sets standard 1/0 device names. 
For the IRIS 2000 series terminals and workstations (GL2): 
subroutine IRIS contains a PARAMETER (IZNEAR-m, IZFAR-n) 
statement relating to z-buffering. IZNEAR is currently set to 
0 and IZFAR to 32766 ( f o r  a 32 bitplane system), and 
should be set to 0 and 4095, respectively, for a 28 plane 
system. 
fewer than 2 8  bit planes: IZNEAR and IZFAR should be set to 
zero. 

the form "FILENAME. TYPE". 

what I really want to do). 

2-buffering should not be attempted on a system with 

Release-notes 
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3 . 2  

N e w  f e a t u r e s  i n  v e r s i o n  3 . 2 :  

1. 
2 .  

3 .  

4 .  
5. 
6. 

7 .  
8 .  

9. 

1 0 .  

/CHECK/NOCHECK o p t i o n  on r e a d i n g  Q f i l e s .  
/ B I N A R Y  o p t i o n  ( d e f a u l t )  on reads f o r  IRIS/Unix,  as w e l l  as 
/FORMATTED and  /UNFORMATTED. 
D e f a u l t  f i l e  t y p e s  are .FMT f o r  f o r m a t t e d ,  .DAT f o r  unfor rna t ted ,  
and  . B I N  f o r  b i n a r y .  
Maximum number o f  g r id s  i n c r e a s e d  from 1 0  t o  50 .  
Faster i n i t i a l  search f o r  RAKE/X p a r t i c l e  p o i n t s .  
Use o f  C ( b i n a r y )  1/0 f o r  f a s t e r  r e a d i n g  and  w r i t i n g  of  p a r t i c i e  
trace f i l e s  on IRIS/Unix.  
''P" f o r  p i c t u r e  s a v e  ( s c r e e n  image dump) on IRIS v e r s i a n .  
"Up-arrow" and  "down-arrow" t o  i n c r e a s e  o r  decrease mouse 
s e n s i t i v i t y  on IRIS v e r s i o n .  
D e f a u l t  c o n t o u r  c o l o r s  changed from "WHITE" t o  "BLUE CYAN GRES:?I 
YELLOW RED MAGENTA". 
H i g h l i g h t i n g  on s u r f a c e - s h a d i n g  disabled. 

3 . 3  

N e w  f e a t u r e s  i n  v e r s i o n  3 . 3 :  

1. 30 p a r t i c l e  t races  no l o n g e r  r e q u i r e  r igh t -handed  ( i , j , k )  sys t em.  
2 .  PLOT/SCRIPT o p t i o n  f o r  movie sc r ip t s .  
3 .  E X I T  command (same as QUIT)  . 
4 .  PLOT/IRISSINGLE and c o l o r  maps f o r  IRIS sys t ems  w i t h  fewer t h a n  

5. 
6 .  Command f i l e s  c a l l i n g  command f i l e s  and r e t u r n i n g  f i x e d .  
7 .  VPOINT/ANGLES f i x e d .  

2 4  b i t  p l a n e s .  
S p e c i a l  command-line c h a r a c t e r s  explained i n  HELP. 

3.4 

N e w  i n  v e r s i o n  3 .4 :  

N e w  f u n c t i o n s  implemented:  
S c a l a r  f u n c t i o n s :  

Cross- f low v e l o c i t y  
S t a g n a t i o n  p r e s s u r e  c o e f f i c i e n t  
P i t o t  p r e s s u r e  
P i t o t  p r e s s u r e  r a t i o  
Dynamic p r e s s u r e  
Normalized 2 D  stream f u n c t i o n  
S w i r l  
Speed o f  sound 
Shock f u n c t i o n  

P e r t u r b a t i o n  v e l o c i t y  
Pressure gradient 

Vec to r  f u n c t i o n s :  
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Functions corrected: 
Normalized stagnation density 
Normalizec! stagnation temperature 

Commands/options hplemented: 
PLOT/2D - 20 plcts hplemented. 
PLOT/LABELS - works f o r  2D contczr plots using DISSPLX. 
PLOT/SURFXE (or ICIUPET or /LINE) - for ?D line plots or 
3D function surface plots. 

FSURFACE command - to define properties of line or functisn 
surface plot. 

VIEW command - for 2D plots or 3D function surface plots. 
MINMAX/XSCALE-scale/YSCALE=scale/ZSCALE=scale - to scale 
PLOT/AXES/NOAXES - axes and axis labels added for IRIS too. 
PLOT/FIGWRE=(areax,areay,char ht) - for figure-quality plots 
READ/PLANES - to read data one IJ plane per record. 
Symbols and arrowheads have been implemented for the IRIS. 
CONTOUR grid-lines - for grid lines colored by contour 

axes independently. 

from DISSPLA. 

value. 

Defaults/initial values changed: 
SUBSETS/NOATTRIBUTES is now the default. 
Contour color map default is now "BLUE CYAN GREEN YELLOW 

MINMAX 0 10 -5  5 -5  S is the initial MINMAX box. 
VPOINT/ANGLES 150 20 20 is the initial viewpoint for 3D 

RED MAGENTA" instead of "WHITE". 

plots. 

IRIS features incorporated: 
PLOT3D runs under the MEX window manager (but does change 
the color map) (IRIS 2xxx only). You need a .mexrc file, 
with commands "reservebut 13", "bindfunc hogwhiledown 13", 
and "bindfunc menu 101" in it. See the Window Manager 
section of the IRIS User's Guide for more information. 

Keyboard attention interrupts (^C or <BREAK>) return PLOT3D 
to the command level prompt. 

$system-command may work, depending on system swap space. 
Q key - dumps the screen to a file for printing on the 
QMS Laserqrafix 1200 printer (IRIS 2xxx only). 

2 key - toggles z-buffering mode (IRIS 2xxx only). 
3,6,N keys - change to 30H2, 60Hz, NTSC video out, 
respectively (IRIS 2xxx only). 

IRIS bugs fixed: 
TBL6 6-plane color table fixed. 
IRIS 2xxx PXL screen dump and PLOT3DPIC fixed. 

DISSPLA device drivers rearranged: 
PLOT/VER now produces files PARM.PLV and VECTRl.PLV for 
plotting on a VERSATEC connected to a ViW. 
see "$HELP PLOT" on how to submit these files to be 
printed. 

connected to a PDP 11. At NASA Ames, a .DIP file can 3e 

At NASA Ames, 

PLOT/DIP produces a .DIP file for plotting on a VERSATEC 
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c o n v e r t e d  t o  a .QMS f i l e  for p r i n t i n g  on t h e  QMS 
Lasergraf i x  p r i n t e r  w i t h  t h e  'l$DIPQMS1v command. 

be v e r y  la rge .  
PLOT/QMS produces  a .QMS f i l e  d i r ec t ly ,  b u t  t h i s  f i l e  may 

VAX/VMS f e a t u r e s  r e s t o r e d :  
HELP, keyboard a t t e n t i o n  i n t e r r u p t s  ( A C ) ,  and  e r r o r  r e c o v e r y  

now work under  VMS 4 . 2 .  

ARCGraph G R A F I X  i n t e r f a c e  w r i t t e n  - a PLOT3D v e r s i o n  (commonly 
known as PLOT3X) f o r  NASA Ames device- independent  g r a p h i c s  
f i l e s  h a s  been w r i t t e n .  

3.5 

New-features 

N e w  commands/options: 

o RAKE/MAXPOINTS-n o p t i o n  added t o  l i m i t  l e n g t h  o f  par t ic le  t races .  
o RAKE/SCALA.R-FUNCTION o p t i o n  added f o r  c o l o r i n g  pa r t i c l e  traces by a 

o PLOT/LN03 and  PLOT/IMAGEN d e v i c e s  added t o  DISSPLA v e r s i o n .  
o PLOT/UP-axis o p t i o n  added. 
o PLOT/BACKGROUND=color o p t i o n  added {not, i n  DISSPLA; background 

o SHOW PLOT command added. 
o SHOW TEXT command added. 
o SHOW FUNCTION a l s o  shows t h e  ( i , j , k )  l o c a t i o n  o f  f u n c t i o n  min and 

o LIST command added, s u p p o r t i n g  UNFORMATTED<->FORMATTED<->BINARY 

o VECTOR a t t r i b u t e s  added t o  a l l o w  many d i f f e r e n t  types o f  v e c t o r  

o READ prints an informational message when r e a d i n g  a f i l e ,  i n c l u d i n g  

o FSURFACE/NOCONTOUR o p t i o n  name changed t o  FSURFACE/GRID. 

scalar f u n c t i o n .  

color must be set i n  GAS f o r  G R A F I X ) .  

max . 
X Y Z  and  Q data f i l e  conve r s ion .  

d i s p l a y s .  

g r i d  s i z e .  

N e w  f e a t u r e s / v e r s i o n s :  

0 P a r t i c l e  t r a c i n g  uses 2nd-order Runge-Kutta t ime-advance,  s t i l l  5 
steps per g r i d  c e l l .  
want .  

Slow, and o i l  f low a i n ' t  a lways  w h a t  w e ' d  

o Removed X Y , X Z , Y Z  r e s t r i c t i o n  c a p a b i l i t y  for p a r t i c l e  t r a c i n g .  
0 CONTOUR p l a n e  o r i e n t a t i o n  d o e s n ' t  matter anymore i f  s u b s e t  i s  just 

a p l a n e .  
o COLOR-CONTOURS now f i l l  i n  between con tour  l i n e s ,  i n s t e a d  o f  

f i l l i n g  e a c h  gr id  c e l l  w i t h  o n l y  one  color. 
o Contour  GRID-LINES change c o l o r  a t  con tour  levels ,  ra ther  t h a n  

h a v i n g  o n l y  one  c o l o r  for each gr id  l i n e  segment .  
o SHADED-SURFACE walls t h a t  are  j u s t  a s i n g l e  l i n e  w i l l  be drawn and 

f i l l e d  as  a s i n g l e  polygon.  
o u t l i n e ,  f o r  i n s t a n c e .  

T h i s  can  be used  t o  f i l l  i n  an  a i r f o i l  
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o HIDCEN-LIhZ attribtlte enabied, as polygons filled with the 
background cglc:, then outlined. (Ordering of the polygons is t h z s  
still important.) 

o Polygon shininess attribute enabled. See 
"HELP Attributes ShiniRess" for an explanation. 

o Journal f i l e  capability added--file PLOT3D.JOU saved on abnormal 
exit or EXIT/SAVE. 

o Auto-initialization file capability added--file PLOT3DINI.COM w i l l  
be read and executed on startup of PLOT3D, if it is found in the 
current directory. 

o HELP utility vastly improved. 
o APOLLO version written, using AEGIS and GMR3D; it doesn't do 
everything, but it's workable. 

New functions: 

o Functions "Velocity x vorticity" and "Velocity x vorticity 

o Function "Entropy measure sl" added, a scaled, nodlized version 
magnitude" added. 

of exp(s) . 
IRIS improvements : 

o IRIS screen saves rewritten to use run-length-encoding for smaller 
files, and to use the ARCGraph RAS file format. This format 
encodes RGB instead of color map entries, so that pictures can be 
restored in any mode. A new program RASP restores the screen 
saves, replacing the program PLOT3DPIC. 

o Seiko color printer screen save added to the IRIS version. See 
"HELP PLOT IRIS-interf ace Seiko-colorgrinter-screen_save".  

o More co lo r s  available for 6, 8 ,  and 10-plane plots on IRIS. 
o Up to 8 simultaneous graphics windows under window manager on IRIS. 
o Increased WORK array size from 2.5M to 3Mwords on IRIS. This w i l l  

o Backface polygon removal implemented for IRIS, tied to "B" key 

o Unix SETENV symbols will be translated in PLOT3D when enclosed 12 

reduce maximum image complexity. 

during display. 

'single primes'. 

DISSPLA improvements: 

o 2D polygons now use shading in DISSPLA. 

CRAY 2 improvements: 

o The CRAY 2/IRIS version of PLOT3D now tries to start up PLOT3D-LCL 
on the workstation. 

Bugs-fixed 

Commands/options: 

o READ/PLANES for XYZ file bug fixed (blanking vs. no blanking c a l l s  
were reversed). 
R E ~ / X m ' ~ x f i l e " / ~ - ' ~ q f i l e "  bug fixed (was getting misinterpreted) . 
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o PLOT/AXES/NOAXES o p t i o n  f i x e d  ( w a s n * t  a lways  g e t t i n g  set r i g h t ) .  

F e a t u r e s :  

o L a s t  c o n t o u r  l e v e l  coming o u t  w h i t e  f i x e d ,  I hope f o r  good ( a  

o "RGB 0 0 0" c o l o r  now treated c o r r e c t l y .  
o D i s p l a y i n g  I K  p l a n e s  i n  2D p l o t s  shou ld  now work c o r r e c t l y  ( u s e d  

roundoff  p r o b l e m ) .  

J i n d i c e s  i n s t e a d  o f  K). 

F u n c t i o n s  : 

o F u n c t i o n  SWIRL f i x e d .  
o ENTROPY c a l c u l a t i o n  s c a l i n g  changed t o  i n c l u d e  specif ic  hea t  cv .  

I R I S  i n t e r f a c e :  

o Co lo r  table problem w i t h  IRIS f i x e d  ( o n l y  red was d i s p l a y e d  due t o  
a FORTRAN compiler b u g ) .  

o Worked on n e a r  c l i p p i n g  problem w i t h  z - b u f f e r i n g  on IRIS (where  
z - b u f f e r i n g  d o e s n ' t  work when you ' r e  too c l o s e  t o  the o b j e c t ) .  

o Device  INPUTC changed t o  INPTCH on I R I S ;  commented o u t  PARAMETER 
i n i t i a l i z a t i o n  o f  MODECH and  INPTCH (these were due  t o  changes  i n  
t h e  GL2 FORTRAN i n c l u d e  f i l e  " / u s r / i n c l u d e / f g l . h " .  

o Mouse b u t t o n s  s h o u l d  now work c o r r e c t l y  under  t h e  window manager 
on t h e  I R I S .  

o NTSC d i s p l a y  mode f o r  IRIS now c o r r e c t l y  maps t o  a s u b s e t  o f  t h e  
s c r e e n .  

o Better h a n d l i n g  o f  keyboard i n t e r r u p t s  d u r i n g  graphics 
i n i t i a l i z a t i o n  under  MEX. (Would g e t  message "no more g f p o r t s  i n  
system!!"  twice when a t t e m p t i n g  a n o t h e r  p l o t ;  would have t o  
i n t e r r u p t  a g a i n .  I f  a t h i r d  p l o t  was t r i e d ,  sys tem would h a n g . )  

DISSPLA i n t e r f a c e :  

o MINMAX/xSCALE=scale f o r  DISSPLA now works. 

GRAFIX i n t e r f a c e :  

o 3D s h a d i n g  f i x e d  (was i n c o r r e c t  i f  VPOINT was s p e c i f i e d  as 
( x ,  y, z) 1 . 

o Axis s c a l i n g  f rom MINMAX/xSCALE-scale and  PLOT/SURFACE f i x e d .  

Knowngroblems 

Listed are known or p o t e n t i a l  problems w i t h  v a r i o u s  v e r s i o n s  of 
PLOT3D. 

I R I S  

o Z-buf fe r ing  a n  image w i t h  dashed, d o t t e d ,  cha indashed ,  or 

o Changing from s i n g l e -  t o  doub le -buf fe r  mode or v i c e - v e r s a  (such 
c h a i n d o t t e d  l i n e s t y l e s  w i l l  hang t h e  IRIS. 

as  when t u r n i n g  z - b u f f e r i n g  on or o f f ) ,  when u s i n g  t h e  window 
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manager and more than one plot is on the screen can cause the 
screen tc be refreshed incorrectly. Move some windows slightly 
to force MEX to update the screen. 

o In general, and especially at the ccjmand prompt level, PLCT33  
does not keep its graphics windows "idling" with a."swapbuffers" 
(see "Silicon Graphics PIPELINE", Vol. 11, No. I, Fall 1985, 
p. 12). Thus under the window manager (and double buffering), 
another graphics program will hang until PLOT3D swaps buffers. 

o For very complicated plots and/or particle trace plots, PLOT3D 
has been observed to respond VERY sluggishly. Response to the 
mouse may take on the order of a minute (keep that mouse button 
down!). Further screen updates may be somewhat faster. 

o PLOT3D will not update the screen correctly if the window manager 
has been started up using "mex -d" (double-buffered) . 

o PLOT3D uses A LOT of (virtual) memory. IRISes at NASA Ames have 
been reconfigured with 24MB of swap space. This involves 
repartitioning the system disk (see the "IRIS Series 3000 Owner's 
Guide, Version 2.0" o r  your SGI rep.). 

o Under W3.4-GL2, support f o r  the Seiko color printer screen dump 
may not exist, indicated by unsatisfied externals (isetcolormap, 
isetname,iclose,iflsbuf,putrow,iopen) when linking. In this 
case, disable the Seiko color printer screen dump by commenting 
out the call to SCRDMP in EXEQUE. 

o Under W3.S-GL2, the INCLUDE file "/usr/include/fgl.h" does not 
define the Graphics Library function ISMEX to be type LOGICAL. 
If, in a future release, this is fixed, all "LOGICAL ISMEX" 
declarations in IRIS2 will have to be commented out. 

o To link PLOT3D under VMS (with the current dimensions in Y A I N ) ,  
y o u r  page file quota must be something over 40000 pages. To r u n  
PLOT3D, it must be at least 20000 pages. You need special 
priviledge to change this: 

$SD SYSSSYSTEM: 
$RUN AUTHORIZE 
MODIFY username /PGFLQUOTA=20000 

cas 

o The CFtAY/COS,version of PLOT3D is really not worth much due to 
the high memory overhead in PLOT3D and the relatively small 
amount of physical memory on the XMP. See 
"HELP Installation-of-PLOT3D" for tips on reducing the memory 
requirements of PLOT3D. 

DISSPLA 

o Divide-by-zero errors are sometimes generated by DISSPLA while 
making 2D contour plots with labels. 
to QQTLB(?), CONTUR, or ENDCO2. This is a DISSPLA internal bug. 
Try changing MINMAX or plotting without contour labels 

The traceback may point 

0-8 



May 3 2 2 : 2 5  1987  p l o t 3 d . t x t  :age 3 

( "PLO?/NOLABELS " ) 
o S p u r i o u s  l i n e s  have been  obse rved  on QMS and  LNO3 o u t p u t  pl0Z.S. 

The c a u s e  is unknown. 

The CRA'I 2 v e r s i o n  o f  PLOT3D h a s  many i d i o s y n c r a s i e s ,  due t c  t'ne 
poor  c o n d i t i o n  of t h e  CFT77 compi l e r  under  UNICOS. Things have  
improved somewhat under.UNICOS 2 . 0 .  Some o f  t h e  r ema in ing  prob:f:.: 
are : 

o The "$"  fo rma t  d e s c r i p t o r  d o e s  n o t  work, so a l l  prompts  end  wiz:. 

o M u l t i p l e  l i n e  messages, such  as t h o s e  p r i n t e d  by t h e  by  t h e  

o ^ D  e n d - o f - f i l e s  are o f t e n  n o t  trapped c o r r e c t l y  by t h e  PORTRAN 9.EA 

a <RETURN>. 

SHOW command, are garbled. 

D 
s t a t e m e n t .  Type "EOF1* i n s t e a d  (see "HELP End-of-f i l e " )  . 
L i b r a r y  f i l e  must be created on t h e  IRIS. 

o The u t i l i t y  programs CREHLPLIB and  GETHELP do n o t  work: t h e  HELP 

APOLLO 

T i t l e s  and t e x t  have  n o t  been implemented. 
The C 1/0 r o u t i n e s  ( i n  t h e  f i l e  C I 0 . C )  have n o t  been  tested w i t h  
PLOT3D; I don ' t  know how t o  compile and  l i n k  them; I ' v e  i n d i c a t e d  
someth ing  r e a s o n a b l e  i n  t h e  PLOT3DLINK f i l e .  They are needed f o r  
t h e  READ/BINARY command ( b u t  n o t  READ/UNFORMATTED), and  f o r  
par t ic le  t r a c i n g .  C r o u t i n e s  are i n c l u d e d  b e c a u s e  C i s  f a s t e r  f ~ z  
r e a d i n g  and  w r i t i n g  large chunks of  data t h a n  FORTRAN, and  t h e  C 
b i n a r y  f i l e s  are p u r e  b i n a r y ,  as  opposed t o  FORTRAN unfo rma t t ed  
f i l e s ,  which i n c l u d e  r e c o r d  l e n g t h  i n f o r m a t i o n .  Th i s  l a t t e r  
f e a t u r e  f a c i l i t a t e s  t h e  t r a n s f e r  o f  b i n a r y  data f i l e s  from a 
dissimilar t y p e  machine such  as a CRAY. 
The FORTRAN compi l e r  has  a maximum number o f  l i n e s  of code t h a t  it 
w i l l  accept f rom one  f i l e .  
GMR3D V1.0 does NOT support filled polygons. This is i n  beta-test 
f o r  t h e  n e x t  release of GMR3D. 
BSP t ree  h idden  s u r f a c e  removal  i s  n o t  s u p p o r t e d  o r  documented Eo: 
GMR3D V1.0. 
I c o u l d  n o t  get more t h a n  8 c o l o r s  o u t  o f  GMR3D i n  s i n g l e - b u f f e r e d  
mode ( b u t  c o u l d  from GPR). T h i s  i s  a p o s s i b l e  GMR3D problem. C n l  

8 c o l o r s  are a v a i l a b l e  i n  doub le -buf fe red  mode, a s  documented. 
Mouse b u t t o n s  work s t rangely- -you  may have t o  c l i c k  t h e  b u t t o n  a 
second  t i m e  t o  t u r n  o f f  t h e  r o t a t i o n ,  r a t h e r  t h a n  j u s t  r e l e a s i n g  
t h e  b u t t o n .  T h i s  i s  a possible GMR3D problem. 
Keyboard a t t e n t i o n  i n t e r r u p t s  are hand led  by PLOT3D u s i n g  Aegis 
s y s t e m  ca l l s .  However, when i n t e r r u p t i n g  a p l o t ,  t h e  t e x t p o r t  doe 

n o t  come back ,  b u t  t h e  "PLOT3D V3:" prompt d o e s .  T h i s  makes 
c o n t i n u e d  e x e c u t i o n  d i f f i c u l t .  
L i n e  s t y l e s  and  f i l l e d  polygons  (be ta - tes t )  d o n ' t  work c o r r e c t l y  o 
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t h e  DNS80--they o r i g i n a l l y  come up c o r r e c t l y ,  b u t  when t h e  p i ccu=+  
i s  comple t e  ( r e a d y  t o  be m a n i p u l a t e d ) ,  dashed or d o t t e d  l i n e s  
change t o  so l id ,  and  f i l l e d  polygons  disappear. 

0 When d o i n g  a "grow" o r  "pop" on t h e  PLOT3D window, t h e  v iewpor t  i s  
cleared a n d  redrawn. On t h e  DN580, t h e  v i ewpor t  i s  i n c o r r e c t l y  
cleared t o  cyan .  When t h e  mouse b u t t o n s  are used  t o  r o t a t e  o r  
t r a n s l a t e  t h e  irnage ( c a u s i n g  t h e  v iewpor t  t o  be refreshed),  t h e  
p i c t u r e  reappears. The r e f r e s h  works c o r r e c t l y  on a DN570. 

o As a f u r t h e r  n o t e ,  when w r i t i n g  programs t h a t  wri te  f i l e s ,  F O R X L X  
1/0 requires t h a t  a maximum r e c o r d  l e n g t h  (RECL-#bytes) be 
specified on t h e  OPKN s t a t e m e n t  when o p e n i n g  ANY new f i l e .  T h i s  i 

a BUG. T h i s  DOES a f f ec t  PLOT3D, when d o i n g  par t ic le  t races .  
R o u t i n e s  PARZD and  PAFt3D must be m o d i f i e d  t o  s p e c i f y  t h e  r e c o r d  
l e n g t h  when open ing  t h e  SCRATCH f i l e .  For t h e  rest ,  c u r r e n t  cociir. 

u s e s  C 1/0 r o u t i n e s  t o  do t h e  p a r t i c l e  trace reads a n d  wri tes ;  
e q u i v a l e n t  FORTRAN 1/0 ( b u t  WITHOUT t h e  RECL parameter) i s  
commented o u t  beside t h e  C c a l l s .  

S p e c i a l - c h a r a c t e r s  

The f o l l o w i n g  characters are treated s p e c i a l l y  when e n c o u n t e r e d  
on A N Y  l i n e  o f  i n p u t .  

- I f  t h e  l a s t  character on a l i n e  o f  i n p u t ,  l'-n means t o  
c o n s i d e r  t h e  n e x t  i n p u t  l i n e  t o  be a c o n t i n u a t i o n  of t h e  
c u r r e n t  l i n e .  
Expec ted  t o  s u r r o u n d  a symbol, t o  be t r a n s l a t e d  (by c a l l i n g  an  
a p p r o p r i a t e  s y s t e m  r o u t i n e )  i n t o  a character s t r i n g .  
Expected t o  s u r r o u n d  a character s t r i n g ,  t h e  c o n t e n t s  o f  which 
are n o t  t o  be d i s t u r b e d .  The  s t r i n g  i s  treated as  a s i n g l e  
c h a r a c t e r  a rgument .  

! Denotes  t h a t  a l l  i n p u t  f o l l o w i n g  on t h i s  l i n e  i s  t o  be 
c o n s i d e r e d  a comment and  i g n o r e d .  

@ I f  t h e  f i r s t  (nonb lank)  character on a l i n e  of  i n p u t ,  t h e  rest 
o f  t h e  l i n e  i s  t a k e n  as a f i l e  name t o  be read as i n p u t  t o  
PLOT3D. When a n  e n d - o f - f i l e  ( o r  EOF) i s  e n c o u n t e r e d ,  i n p u t  
continues f r o m  the previous source. 

EOF I f  t h e  ONLY nonblank characters on a n  i n p u t  l i n e  are EOF, t h i s  
i s  e q u i v a l e n t  t o  a n  e n d - o f - f i l e  r e a d i n g  i n p u t .  F u r t h e r  i n p u t  
i s  t a k e n  from t h e  p r e v i o u s  i n p u t  f i l e  (or d e v i c e ) .  

S l a c k i n g  

An a r r a y  IBLANK can  be i n c l u d e d  i n  t h e  X Y Z  g r id  f i l e  which  s u p p l i e s  
PLOT3D w i t h  i n f o r m a t i o n  on gr id  t o p o l o g y .  T h i s  can  be used  t o  
i n d i c a t e  t h a t  some p o i n t s  i n  t h e  g r id  are " t u r n e d  o f f "  (so c o n t o u r s  
a re  n o t  p l o t t e d  t h r o u g h  t h i s  r e g i o n ) ,  or how m u l t i p l e  g r ids  are 
connec ted  ( t o  a i d  i n  par t ic le  t r a c i n g ) .  See "READ Fi l e - fo rma t s  X Y Z  
with-IBWNK" for i n f o r m a t i o n  on i n c l u d i n g  IBLANK i n  XYZ data f i l e s .  

The u s e  of  IBLANK i s  as f o l l o w s :  where IBLANK i s  z e r o ,  t h e  
c o r r e s p o n d i n g  g r i d  p o i n t  i s  assumed t u r n e d  o f f ,  and  data  a t  t h a t  p o i n t  



( x Y X ,  Q )  i s  NEVER USED. If IBLANK i s  a n y t h i n g  b u t  ze ro ,  da ta  a t  t h a t  
p o i n t  i s  assumed va l id .  
o f  a g r i d  i s  1. 

O t h e r  v a l u e s  are u s e d  f o r  p a r t i c l e  t r a c i n g ,  and  i n d i c a t e  g r i d  
t o p o l o g i e s :  a round  holes (blanked-out  r e g i o n s )  and  g r i d  b o u n d a r i e s ,  an 
IBLANK v a l u e  o f  -n means t h a t  p h y s i c a l  space  " c o n t i n u e s "  i n  g r i d  n: i n  
o t h e r  words, a par t ic le  trace l e a v i n g  t h e  c u r r e n t  g r i d  here w i l l  
c o n t i n u e  i n  g r id  n.  Note t h a t  periodic b o u n d a r i e s  or C-mesh-type 
b o u n d a r i e s  can  be coded  t h e  same way: f o r  g r i d  m, u s e  IBLANK=-m on t h e  
common b o u n d a r i e s .  

The NORMAL v a l u e  f o r  IBLANK i n  t h e  i n t e r i o r  

Another  IBLANK key i s  t h e  v a l u e  2 ,  a n d  i n d i c a t e s  t h e  l o c a t i o n  o f  a 
s o l i d  w a l l  boundary.  T h i s  i s  used  t o  ( a r t i f i c i a l l y )  res t r ic t  p a r t i c l e  
traces from f l o w i n g  i n t o  t h e  w a l l  and  s t o p p i n g .  P a r t i c l e s  are f o r c e d  
t o  remain  some f r a c t i o n  of a p o i n t  away from a w a l l .  T h i s  r e s t r i c t i o n  
i s  o n l y  implemented f o r  par t ic le  t r a c i n g  t h r o u g h  a v e l o c i t y  f i e ld .  

A t t r i b u t e s  

Var ious  a t t r i b u t e s  of g r a p h i c a l  o b j e c t s  can  be set i n  commands such  as 
WALLS, SUBSETS, a n d  CONTOURS. Examples o f  such  a t t r i b u t e s  are c o l o r ,  
l i n e  t y p e  and  thickness, and  s u r f a c e  t r a n s p a r e n c y .  

Hidden-l ines  

T h e  HIDDEN-LINE a t t r i b u t e  type i s  implemented as  polygons  f i l l e d  w i t h  
t h e  background c o l o r ,  and  o u t l i n e d  w i t h  t h e  g i v e n  l i n e  s t y l e .  A s  a 
r e s u l t ,  t o  g e n e r a t e  a c o r r e c t  h idden  l i n e  image, walls o r  s u b s e t s ,  as 
w e l l  as polygons  w i t h i n  t h e  walls or s u b s e t s  must be o r d e r e d  c o r r e c t l y  
( i . e . ,  from back t o  f r o n t ) .  Do t h i s  by s e t t i n g  t h e  
START,END,INCREMENT v a l u e s  a p p r o p r i a t e l y  i n  t h e  WALLS or SUBSETS 
command, a n d / o r  s p l i t  a w a l l  or s u b s e t  i n t o  t w o .  

Shaded-surf ace 

Implemented as f i l l e d  gr id  cel ls ,  g i v i n g  a faceted shad ing .  Note t h a t  
h idden  s u r f a c e s  are n o t  by  d e f a u l t  implemented, so t h a t  for a c o r r e c t  
h idden  s u r f a c e  image, walls dnd subsets, as  w e l l  as polygons  w i t h i n  
w a l l s  or s u b s e t s  mustbe o r d e r e d  c o r r e c t l y  ( i . e . ,  f rom back t o  f r o n t ) .  
Do t h i s  by s e t t i n g  t h e  START,END,INCREMENT v a l u e s  a p p r o p r i a t e l y  i n  t h e  
WALLS or SUBSETS command, a n d / o r  s p l i t  a w a l l  o r  s u b s e t  i n t o  two. 

Shading  i s  done assuming t h a t  t h e  l i g h t  s o u r c e  i s  a t  :he i n i t i a l  
v i ewpo in t  (specified w i t h  t h e  VPOINT command). The c o l o r  i s  ramped 
l i n e a r l y  from 0 . 3  times t h e  b a s e  color a t  90 deg. i n c i d e n c e  of  t h e  
l i g h t  s o r c e  t o  t h e  polygon normal v e c t o r  ( a n g l e  c o s i n e  of 01, t o  f u l l  
c o l o r  a t  a c o s i n e  o f  ( 1 - s h i n i n e s s ) .  As t h e  c o s i n e  i r . c r e a s e s  t o  1, t h e  
color changes  l i n e a r l y  from t h e  base c o l o r  t o  w h i t e .  

Color  
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colors may be entered as one of the eight standard (named) colors, 
BLACK, MAGENTA, RED, YELLOW, GREEN, CYAN, BLUE, and WHITE (D), or as a 
set of RGB (red-green-blue) components, in the range of 0 to 1. RGa 
colors are specified in the form "RGB . 2  . 3  . 4 " .  

L in e-t ype 

Line type (or style) can be SOLID (D), DASH, DOT, CHAINDASH, CHAINDO?, 
or NONE. 

{DOT, CHAINDASH, and CHAINDOT are not implemented f o r  GRAFIX.} 

Line-thickness 

This is a real  number which multiplies the standard line thickness. 

{Only factors of 1 o r  2 are supported f o r  IRIS 1000 series terminals 
and workstations. Not implemented for GRAFIX.) 

Specifies a symbol (by integer number) to be put at each point. 
Symbols are 
-1 dot (single pixel) 
0 no symbol (D) 
1 +  
2 x  
3 square 
4 circle 
5 diamond 
6 triangle (Delta) 
7 triangle (nabla) 
8 filled square 
9 filled circle 
10 filled diamond 
11 filled Delta 
12 filled nabla 

{DISSPLA: Symbol -1 nay not work; symbols 10-12 are implemented 
as unfilled. 

GRAFIX : Symbols 1-12 are not implemented. 
APOLLO : Symbol 3 is implemented as a *; symbols 5-12 are 

implemented as a circle.) 

S ymbol-si t e  

Real number factor which multiplies the standard symbol size. 

S hadinggat tern 

Shading pattern f o r  polygon fills. Default is SOLID.  (Others are 
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not yet implemented. ) 

Transparency 

Real number between 0 (opaque) and 1 (completely transparent) 
controlling polygon transparency. {Not implemented for DISSPLA or 
GRAFIX. 1 
The HIDDEN-LINE type is flagged via a negative transparency. 
A transparency value greater than 1 results in polygons being outlined 
and not filled. 

Shininess 

Shaded surface shininess; a real number between 0 and 1. 

Shading is done assuming that the light source is at the initial 
viewpoint (specified with the VPOINT command). The color is ramped 
linearly from 0.3 times the base color at 90 deg. incidence of the 
light sorce to the polygon normal vector (angle cosine of O), to full 
color at a cosine of (l-shininess). As the cosine increases to 1, the 
color changes linearly from the base color to white. 

Material-coefficient 

Polygon reflectivity. {Not implemented.) 

@file 

Use the given file as input for PLOT3D commands. On an end-of-file, 
control is returned to the previous source of input. This command may 
be entered at any time during a PLOT3D session, not necessarily at the 
main command level. 

End-of  -f ile 

An end-of-file can be used in many commands to prematurely terminate a 
set of input, preventing that input from being incorporated into the 
program. Most computer systems have a control character for entering 
an "end-of-file" from the terminal; in VAX/WS, it is *Z. As an 
alternative, the letters "EOF" can be entered as an input line, 
signalling an end-of-file. 

$ system-command 

If a ' *$" is the first character of a command line (at the main command 
level), the rest of the line is passed to the operating system as a 
command (for example SDIR when running under VAX/VMS would result in 
the **DIR" being sent to V M S ) .  A '*$'* alone means return to the system 
for awhile. Upon completion (LOGOUT in VMS, ^D in Unix), return to 
PLOT3D. {Generally doesn't work f o r  IRIS/Unix due to swap space, 
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limitations. 1 

CLE- 

Format: CLEAR 

Clears all internally computed arrays (such as functions from 
WORK storage area. In general, this is handled automatically. 

ne 

CONTOURS 

Format: CONTOURS [max number of levels] 
o r  CONTOURS/INCREMENT [contour increment] 
or CONTOURS/MANUAL [start[,end,incrementll 

Select contour levels o r  ranges. 

Qualifiers 

/RANGE 
Show the range (minimum and maximum) of the current function over all 
active points in all active grids. 

/AUTOMATIC (D) 
/ INCREMENT 
/MANUAL 

For the default AUTOMATIC mode, a maximum number of contour levels to 
be calculated is specified. In INCREMENT mode, a contour level 
increment is specified. The number of levels will depend on the 
function range. MANUAL entry of contour levels allows 
start-end-increment sets to be given. 

/ATTRIBUTES (D) 
/NOATTRIBUTES 
Controls whether attributes such as color range, line type and 
thickness, and surface transparency are prompted f o r .  {Symbols 
do not appear for PLOT/ZD/LABELS using DISSPLA.) 

EXIT 

Format: EXIT 

Exit out of PLOT3D. Same as QUIT. 

Qualifiers 

/SAVE 
Save the journal file. Default is to delete it. 
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FSURFACE 

Format:  FSURFACE 

S e t  t h e  f o l l o w i n g  p r o p e r t i e s  o f  f u n c t i o n  s u r f a c e  (or l i n e )  p l o t s :  
(1) t h e  scale f a c t o r  of t he  f u n c t i o n  a x i s ;  
(2) t h e  o r i g i n  (or o f f s e t )  o f  walls drawn on t h e  p l o t  f o r  

( 3 )  whether  a 3 D  f u n c t i o n  s u r f a c e  w i l l  be drawn as g r i d  l i n e s  or 
r e f e r e n c e ;  a n d  

c o n t o u r  l i n e s ,  i f  t h e  c o n t o u r  a t t r i b u t e  type i s  LINES.  

O t h e r  p r o p e r t i e s  o f  a f u n c t i o n  s u r f a c e  p l o t  are set by o t h e r  
commands : 

t h e  VIEW command sets which s p a t i a l  ( x , y , z )  a x e s  w i l l  b e  
p l o t t e d  v s .  t h e  f u n c t i o n ;  
t h e  CONTOUR command c o n t r o l s  whether  t h e  f u n c t i o n  s u r f a c e  
w i l l  be p l o t t e d  as l i n e s  or a s u r f a c e  ( u s i n g  p o l y g o n s ) ,  as 
w e l l  as t h e  c o l o r  map and  l i n e  or s u r f a c e  a t t r i b u t e s  t o  be 
used;  
t h e  MINMAX command sets t h e  r a n g e  of t h e  f u n c t i o n  t o  be 
p l o t t e d  (XMIN, XMAX, Y M I N ,  YMAX, or Z M I N ,  ZMAX, depending  upon 
which  a x i s  w i l l  be used  f o r  t h e  f u n c t i o n ;  and  
t h e  /SURFACE q u a l i f i e r  on t h e  PLOT command i s  u s e d  t o  select 
a f u n c t i o n  s u r f a c e  p l o t  i n s t e a d  of t h e  ( d e f a u l t )  /CONTOUR 
p l o t .  

I n  3D, a f u n c t i o n  s u r f a c e  i s  a p l o t  of  two spa t ia l  d imens ions  
( x ,  y,  or z )  v s .  a scalar  f u n c t i o n .  T h i s  i s  a lso known a s  a 
c a r p e t  p l o t .  Which two spa t i a l  d imens ions  are used  i s  chosen  
u s i n g  t h e  VIEW conunand. A r i gh t -handed  c o o r d i n a t e  sys t em i s  
ma in ta ined :  t h u s  a p l o t  w i t h  VIEW XZ would p l o t  x v s .  f v s .  z ,  
and  t h e  a x i s  r a n g e  f o r  f , w o u l d  be c o n t r o l l e d  by Y M I N  and  YMAX 
e n t e r e d  i n  t h e  M I N M A X  command. 

I n  2D, a f u n c t i o n  s u r f a c e  can  d e g e n e r a t e  t o  a simple l i n e  p l o t ,  
depending  on t h e  s u b s e t ( s )  a c t i v e .  A good example o f  a l i n e  p l o t  I 

is C p  ( p r e s s u r e  c o e f f i c i e n t )  vs.  x f o r  an  a i r f o i l .  Here t h e  
a p p r o p r i a t e  subset would be j u s t  t h e  p o i n t s  o n  t h e  airfoil 
s u r f a c e .  I n  any  case, t h e  p l o t  i s  of  one s p a t i a l  d imens ion  and  
t h e  f u n c t i o n  v a l u e .  (The spa t i a l  dimension u s e d  i s  t h e  f i r s t  
a x i s  g i v e n  t o  t h e  VIEW cornand.  C u r r e n t l y  t h i s  s p a t i a l  d imens ion  
w i l l  be a lways  be p l o t t e d  on t h e  h o r i z o n t a l  a x i s ,  and  t h e  
f u n c t i o n  a l o n g  t h e  v e r t i c a l  a x i s . )  

Q u a l i f i e r s  

/SCALE-FACTOR-scale 
/SCALE-FACTORIAUTO (D) 

Allows e n t r y  of t h e  r e l a t i v e  s c a l i n g  of t h e  f u n c t i o n  a x i s  compared 
t o  t h e  s p a t i a l  ( x ,  y, o r  z) a x e s .  Thus a scale  f a c t o r  of 2 would 
mean t h a t  1 u n i t  of t h e  scalar  f u n c t i o n  w i l l  have t h e  same l e n g t h  
as 2 u n i t s  i n  x,  y ,  o r  2 .  S p e c i f y i n g  "AUTO" for t h e  scale  f a c t o r  
means t h a t  t h e  l e n g t h  of  t h e  f u n c t i o n  a x i s  ( f rom M I N M A X )  w i l l  be 
made equal t o  t h e  l o n g e r  o f  t h e  o t h e r  two a x e s  (3D) ,  or equal t o  
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t h e  o t h e r  a x i s  (2D). 

WALLS~ORIGIN-AUTO (D) 
Allows s p e c i f i c a t i o n  of t h e  o r i g i n  a l o n g  t h e  f u n c t i o n  a x i s  f o r  t h e  
walls which are drawn on t h e  f u n c t i o n  surface or l i n e  p l c t .  For  
example,  i f  a v a l u e  o f  5 was e n t e r e d  f o r  a p l o t  o f  x v S .  y vs. f ,  
a w a l l  a t  c o o r d i n a t e s  (x,y,O) would be p l o t t e d  a t  ( x , y , S )  i n  
( x , y , f )  space. 
t o  z e r o .  

C o n t r o l s  whether a f u n c t i o n  s u r f a c e  w i l l  be drawn as grid 
l i n e s  o r  c o n t o u r  l i n e s  i f  t h e  c o n t o u r  a t t r i b u t e  type is LINES.  
T h i s  f l ag  i s  i g n o r e d  f o r  2D p l o t s .  

/WALLS O R I G I N = o r i g m  

S p e c i f y i n g  "AUTO" means t h a t  t h e  o r i g i n  w i l l  be set 

/CONTOUR 
/ G R I D  (D) 

FUNCTION 

Format:  FUNCTION [ f u n c t i o n  number] 

Allows t h e  s e l e c t i o n  of  t h e  f u n c t i o n  number t o  be p l o t t e d .  Numbers 
between 0 and  99  are for g r i d - t y p e  i n f o r m a t i o n ,  between 100  and  1 9 9  
are scalar f u n c t i o n s  ( s u i t a b l e  f o r  c o n t o u r  p l o t s ) ,  a n d  numbers between 
200  and  299 are v e c t o r  f ie lds .  Note t h a t  c u r r e n t l y  200-299 refer t o  
v e c t o r  p lo t s ,  wh i l e  300-399 g e n e r a t e  par t ic le  trace-type p l o t s .  
F u n c t i o n s  f rom 400 on up are special f u n c t i o n s  ( such  as  shock wave 
l o c a t i o n s ) .  

GI i d- f u nc  t i o n s  

0 Walls a l o n e  (geomet ry ) .  
1 Grids. 
2 O u t l i n e  of  IBLANK h o l e s .  

S c a l a r - f u n c t i o n s  

100 
101 
102 
103 
110 
111 
112 
113 
114 
11s 
116 
117 
118 
120 
121 
122 
123 

Density (or  Ql). 
Normal ized  d e n s i t y .  
S t a g n a t i o n  d e n s i t y .  
Normalized s t a g n a t i o n  d e n s i t y .  
P r e s s u r e .  
Normal ized  pressure. 
S t a g n a t i o n  p r e s s u r e .  
Normal ized  s t a g n a t i o n  p r e s s u r e .  
P r e s s u r e  c o e f f i c i e n t .  
S t a g n a t i o n  p r e s s u r e  c o e f f i c i e n t .  
P i t o t  p r e s s u r e .  
P i t o t  p r e s s u r e  r a t i o .  
Dynamic p r e s s u r e .  
Tempera ture .  
Normal ized  t e m p e r a t u r e .  
S t a g n a t i o n  t e m p e r a t u r e .  
Normal ized  s t a g n a t i o n  t e m p e r a t u r e .  
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130 Enthalpy. 
131 Normalized enthalpy. 
132 Stagnation enthalpy. 
133 Normalized stagnation enthalpy. 
140 (Internal) energy. 
141 Normalized (internal) energy. 
142 Stagnation energy. 
143 Normalized stagnation energy. 
144 Kinetic energy. 
145 Normalized kinetic energy. 
150 u velocity. 
151 v velocity. 
152 w velocity. 
153 Velocity magnitude. 
154 Mach number. 
155 Speed of sound. 
156 Cross-flow velocity. 
157 Normalized 2D stream function. 
160 x-momentum (42). 
161 y-momentum (43). 
162 z-momentum (44). 
163 Stagnation energy per unit volume (45). 
170 Entropy. 
171 Entropy measure sl. 
180 x-component of vorticity. 
181 y-component of vorticity. 
182 z-component of vorticity. 
183 Vorticity magnitude. 
184 Swirl. 
185 Velocity x vorticity magnitude. 
190 Shock function based on pressure gradient. 

vector-functions 

200 Velocity. 
201 Vorticity. 
202 Momentum (Q2,43,44). 
203 Perturbation ve loc i ty .  
204 Velocity x vorticity. 
210 Pressure gradient. 

Particle-trace-functions 

300 Particle traces. 
301 Vortex lines. 

Particle traces are generated using trilinear interpolation of 
values of the vector function inside a computational cell, and 
second-order Runge-Kutta steps to advance the particle in space. 
The particles are advanced using the velocity (o r  vector function) 
in real-space, but the step is limited so the particle will 
only advance some fraction of a computational cell. 
five steps are taken per computational cell. 

Currently, 
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See the RAKE comand for specification of stzrting points and 
attributes for the traces. 

Shock-waves 

400 Shock locations based on pressure gradient. 

The current algorithm for "finding shocks" is to look at the Mach 
number component in the direction of the local pressure gradient. 
Where this value goes through one, AND the Mach number is 
decreasing, is plotted as a shock. See "FUNCTION Function-definiticns 
Shock-function" f o r  additional information. 

The way that the shock structure is plotted is determined by the 
FIRST contour specification (attributes, not level). Thus one can 
specify LINES (and therefore plane orientations) or SURFACES, 
color, line thickness, surface transparency, etC. 

Nondimensionalizations 

Certain reference conditions are assumed in calculating some 
functions (the pressure coefficient, for example). These 
conditions are set in subroutines SCAFUN and VECFUN. 

(1) rho - 1  
inf 

( 2 )  c - 1  
inf 

( 3 )  P = l / g m  
inf 

(freestream density) 

(freestream speed of sound) 

(freestream pressure) 

( 4 )  IVI  = M *C (freestream velocity magn.) 
inf inf inf 

Conditions 3 and 4 follow from 1 and 2 .  

Fluid-constants 

The fluid 'is assumed to be air. The perfect gas law is a l s o  used. 
The following constants are used in computing functions, and are 
defined in BLOCK DATA BFLUID. 

gamma - 1.4 (ratio of specific heats) 

R - 1  (gas constant 1 

Function-definitions 
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Density 

rho - Q1 
rhoinf 9 1 

[ gamma-1 1 **  [1/ (gama-1) 1 
rho0 = rho [ 1 + ------- M**2 ] 

[ 2 I 

Pressure 

P = (gamma-1) * rho [e0-(1/2)*V**21 

pinf - l/gamma 
PO 

[ gamma-1 1 **[gamma/ (gamma-1) 1 

[ 2 1 
I p [ 1 + ------- M**2 ] 

pressure-coefficient 

cp I (p-pinf)/(.S*rhoinf*Vinf**2) 

gamma 

2 
* Minf**2 

Ref: A . H .  Shapiro, THE DYNAMICS AND THERMODMAMICS OF 
COMPRESSIBLE FLOW, The Ronald Press Company, New York, 
1953, Vol. 1, p.  107. 

Pitotgressure 

For M < 1, the pitot pressure is the same as the stagnation 
pressure. Above Mach 1, it is the equivalent stagnation 
pressure behind a normal shock:  

pp = pOy - (pOy/px)*px (x is before s h a c k ,  y is after) 

pitot pressure ratio - pp/pinf 
poy/px = (pOy/pOx) (POX/PX) 

[ (g-+l) ] **[gamma/ (gamma-1) ] 

[ 2 1 
[ --------- * Mx**2 ] 
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Ref: A.H. Shapiro, THE DYNAMICS AND THERMCDYNAMICS OF 
COMPRESSIBLE FLOW, The Ronald Press Company, New York, 
1953, Vol. 1, p. 119. 

0 y nami c g r e  s sur e 

q - (1/2)*rho*V**2 = kinetic energy/unit volume 

Temperature 

T = p/(rho*R) (perfect gas law 1 

T/Tinf = (p/pinf) / (rho/rhoinf 

Enthalpy 

hO = h + (1/2)*V**2 
= gamma'e0 - (gamma-1) (1/2) *V**2 
= e0 + p/rho 

Energy 

e0 = QS/rho 

eOinf - [1/ (gamma-l)]*(pinf/thoinf) + (1/2) *Vinf**2 

ek - (1/2)*V**2 - q/rho 
Mac h-n umb e r 
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M = v/c 

c - sqrt(gamma*p/rho) 
cross-flow-velocity 

Vcross-flow = ~qrt(v**2+w**2) 

2D-stream-function 

Calculated by integrating the mass flow across a coordinate 
line. THE STREAM FUNCTION I S  ASSUMED TO HAVE THE VALUE ZERO 
AT THE FIRST POINT I N  EACH SUBSET. The values are normalized 
by the freestream Mach number. Only x and y, and u and v are 
used! See subroutine STREAM. 

Momentum 

Momentum = (42,43,44 1 

Entropy 

[ P  1 [ rhoinf I 
1 

v [ pinf 1 p [ rho I 
I c *In[ ---- ] + c *In[ ------ 

Vorticity 

omega = xi w +eta w +zeta w -xi v -eta v -zeta v 
1 y xi y eta y zeta z xi z eta z zeta 

omega = xi u +eta u +zeta u -xi w -eta w -zeta w 
x zeta 2 z xi z eta z zeta x xi x eta 

omega = xi v +eta v +zeta v -xi u -eta u -zeta u 
3 x xi x eta x zeta y xi y eta y zeta 
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S w i r l  

S w i r l  = (omega dot V)/(rho*V**2) 

Shock-funct ion 

The shock f u n c t i o n  b a s e d  on p r e s s u r e  g r a d i e n t ,  of which some 
p a r t s  o f  t h e  l e v e l  1 contour  are t h e  shock waves, i s  computed 
as f o l l o w s ,  where V i s  t h e  v e l o c i t y  v e c t o r :  

V g r a d @ )  

c I g r a d ( p )  I 
--------- Shock f u n c t i o n  - - . 

There  may b e  a s w i t c h  which sets t h e  shock f u n c t i o n  t o  z e r o  
i f  I g r a d ( p )  I < 0 . 1 .  T h i s  a v o i d s  p i c k i n g  up p reshock  
o s c i l l a t i o n s  (see s u b r o u t i n e  S H O C K P ) .  It i s  a g r e e d  t h a t  t h i s  
i s  n o t  t h e  p r o p e r  p l a c e  t o  do t h i s .  Another  approach  i s  t o  
put  t h e  t es t  i n  t h e  c o n t o u r  f i n d i n g / t e s t i n g  r o u t i n e s  (SHK2L, 
SHK2LB,SHK3L,SHK3LB,SHX3S), b u t  t h i s  requires c a r r y i n g  t h e  
p r e s s u r e  g r a d i e n t  a l o n g .  

P e r t u r b a t i o n - v e l o c i t y  

V' - V - Vinf 

L I S T  

Format:  LIST [XYZ o r  Q o r  FUNCTION] 

L i s t  t h e  XYZ,  Q, o r  c u r r e n t  f u n c t i o n  d a t a .  Output  can  b e  d i r e c t e d  
t o  t h e  s c r e e n  ( d e f a u l t )  or t o  a f i l e .  FORMATTED, UNFORMATTED, or 
BINARY f i l e s  s u i t a b l e  for r e a d i n g  into PLOT3D can be produced a s  w e l l .  

Q u a l i f i e r s  

/TEXT ( D )  
/FORMATTED 
/ UNFORMATTED 
/ B I N A R Y  

Select t h e  t y p e  o f  L I S T  o u t p u t  d e s i r e d .  TEXT o u t p u t  i n c l u d e s  
column h e a d i n g s  and  s u i t a b l e  f o r  v i ewing  on t h e  screen o r  p r i n t i n g  
o u t .  FORMATTED, UNFORMATTED, and BINARY o p t i o n s  p roduce  f i l e s  
which can b e  r e a d  i n t o  PLOT3D u s i n g  t h e  READ command. 

R e d i r e c t  t h e  l i s t  o u t p u t  t o  a f i l e  or d e v i c e .  A f i l e n a m e  is r e q u i r e d  
for FORMATTED, UNFORMATTED, or BINARY l i s t s ,  and w i l l  be  prompted for 
an case t h e  /OUTPUT q u a l i f i e r  h a s  n o t  been i n c l u d e d  i n  t h e  command 

/OUTPUT-file 
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line. 

MAP 

Format: MAP 

Produce a map of WORK array usage, including grid number, variable 
names, and source file names. 

MINMAX 

Format: MINMAX [ xmin, xmax, pin, ymax [ ,  zmin, zmaxl I 
or MINMAX/INCREMENT [xmin,xmax,xinc,ymin,ymax,yinc[ ,zmin, zmax, zincj 1 

Set the plot ranges, or general region of interest for the plot. 

Qualifiers 

/X (D) 
/ NOX 
/Y (D) 
/NOY 
/ Z  (D) 
/NO2 
Controls which set of axis limits are to be changed. To change 
only the y-axis limits, for instance, type "MINMAX/Y ymin,ymax". 

Allows the specification of a tick mark increment. An increment of 
zero implies automatic scaling of tick marks and possibly rounding of 
axis limits. (Axis drawing can be suppressed by using PLOT/NOAXES.) 

Sets x-axis scale factor. Default is one. 

Sets y-axis scale factor. Default is one. 

Sets z-axis scale factor. Default is one. 

/INCREMENT 

/XSCALE=scale 

/YSCALE-scale 

/ZSCALE-scale 

PLOT 

Format: PLOT 

Initiate a plot. When the plot is completed, type <RETURN> to return 
to PLOT3D command level. 

Qualifiers 

/ 2D 
/3D (D) 
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Type of p l o t .  Nore t h a t  23 data  can be displayed i n  a 3D p l o t  too.  
/TEKTRONIX (D f o r  CISSPW) 
/TK41XX 
/ENVISION 
/ VERSATEC 
/DIP 
/ QMS 
/LN03 
/ IMAGEN 
/ D I COMED 
/COMPRESS 
/IRIS (D f o r  IRIS) 
/ IRISRGB 
/IRISSINGLE 
/ G W I X  (D f o r  GRAFIX) 
/MOLL0 (D f o r  Apollo) 
/APOLLOSINGLE 

Output device.  

DISSPLA ONLY devices:  TEKTRONIX (4014) (de fau l t )  
TK4lXX (Tektronix 41xx s e r i e s  terminals-- 

ENVISION (215) 
VERSATEC (connected t o  a VAX: produces 

w i l l  prompt fo r  terminal  type) 

f i l e s  PARM.PLV and VECTR1.PLV -- see 
$HELP PLOT fo r  i n f o  on submitt ing t o  
Versatec) 

DIP (NASA Ames Device Independent Plot f i l e ;  
produces f i l e  xxx.DIP*) 

QMS (QMS 1200 l a s e r  p r i n t e r ;  produces f i l e  
xxx . QMS ) 

LN03 (DEC LNOlS or LN03 P l u s  l a s e r  p r i n t e r ;  
produces f i l e  INTSCRT1.TMP) 

IMAGEN (IMAGEN 8/300 l a s e r  p r i n t e r ;  
produces f i l e  1MAGEN.IMP) 

DICOMED (D48 f i l m  recorder: produces f i l e  
xxx . D4 8 *  ) 

COMPRESS (DISSPLA device independent f i l e  
t o  be used w i t h  POP; produces f i l e  
POPFIL . DAT) 

(On t h e  CRAY, only DIP and DICOMED a r e  ava i lab le ;  a t  NASA Ames, 
u s e  t h e  COS JCL 
AMESLIB. 
DISSPLA, HELP. 

f o r  information on DISSPLA output f i l e s . )  

IRIS ONLY devices:  IRIS (double buffered) ( d e f a u l t )  
IRISSINGLE ( s ing le  buffered) 
IRISRGB (RGB mode) 

GRAFIX ONLY devices:  GRAFIX (produces xxx.GRA*) ( d e f a u l t )  

APOLLO ONLY devices:  APOLLO (double buffered) ( d e f a u l t )  
APOLLOSINGLE ( s ing le  buffered) 

D- 24 



May 3 22:25 1 9 8 7  p l o t 3 d . t x t  Page 25 

For t h o s e  d e v i c e s  t h a t  generate a f i l e  ( such  as D I P ) ,  t h e  b a s e  
f i l e n a m e  used  w i l l  be t h e  Q f i l e n a m e  (or t h e  X Y Z  f i l e n a m e ,  or 
s imply  "PLOT3D") w i t h  an a p p r o p r i a t e  t h r e e  l e t t e r  e x t e n s i o n  ( s u c h  
as  " . D I P " ) .  E x c e p t i o n s  are PLOT/COMPRESS, which p roduces  a f i l e  
"POPFIL.DAT", PLOT/LN03, which generates "INTSCRTl.TMP", and  
PLOT/IMAGEN, which g e n e r a t e s  "IMAGEN. IMP". 

I f  t h e  d e v i c e  s p e c i f i e d  d o e s  n o t  a p p l y  t o  t h e  v e r s i o n  o f  PLOT3D 
being r u n ,  t h e  de fau l t  for t h a t  v e r s i o n  i s  u s e d  ins tead .  

/CONTOUR ( D )  
/SURFACE 
/ CARPET 
/ L I N E  

I f  t h i s  i s  a p l o t  o f  a scalar v a r i a b l e ,  set whether  t h e  p l o t  w i l l  
be a CONTOUR p l o t  ( t he  d e f a u l t )  o r  a f u n c t i o n  SURFACE p l o t .  A 
CARPET p l o t  is a n o t h e r  c o m o n  t e r m  f o r  a f u n c t i o n  s u r f a c e ,  and i n  
2D a f u n c t i o n  s u r f a c e  d e g e n e r a t e s  t o  a LINE p l o t ;  t h u s  CARPET and 
LINE are synonyms for SURFACE. See  HELP FSURFACE f o r  more 
i n f o r m a t i o n  on f u n c t i o n  s u r f a c e  p l o t s .  

Allows for a n  e n l a r g e d  p l o t t i n g  area t o  be used ,  a t  t h e  expense o f  
t i t l e s  and t e x t .  Very h e l p f u l  for 3D p l o t s .  ( F o r  t h e  IRIS o r  G R A F I X ,  
FULLSCREEN s imply  removes a l l  t e x t  from t h e  d i s p l a y . )  

/FULLSCREEN 
/NOFULLSCREEN ( D )  

/AXES ( D )  
/ NOAXES 

/FIGURE=(areax, a r e a y ,  c h a r h t )  
/NOFIGURE ( D )  

C o n t r o l s  whether  axes are p u t  on t h e  p l o t  o r  n o t .  

For /FIGURE, t h e  p l o t  s ize  and c h a r a c t e r  h e i g h t  i s  s p e c i f i e d  ( i n  
i n c h e s ) ,  t i t l e ,  c o n t o u r  bar, and addi t iona l  t e x t  are n o t  p l o t t e d ,  
and  o t h e r  measures  are t a k e n  t o  p r e t t y  up t h e  p l o t .  
can n o t  be done f o r  t h e  IRIS or G R A F I X . )  

S e t  t h e  background c o l o r  of  t h e  p l o t .  Note t h a t  i f  " c o l o r "  i s  of 
t h e  form "RGB r , g , b " ,  it must be e n c l o s e d  i n  p a r e n t h e s e s  ( e . g . ,  

. /BACKGROUND=(RGB . 5 , . 5 , . 5 ) )  so t h e  ent i re  s t r i n g  i s  a s s o c i a t e d  
w i t h  t h e  /BACKGROUND q u a l i f i e r .  The d e f a u l t  is BLACK. 
(Not implemented for DISSPLA. The d i s p l a y  program ( e . g .  GAS) sets  
t h e  background color  f o r  GRAFIX.) 

S p e c i f y  which a x i s  w i l l  be considered genera l ly  v e r t i c a l  for a 
p l o t .  V a l i d  "axes" are X, Y, Z ,  +X,  + Y ,  +z , -X, - Y ,  OK - Z .  ( A  
r i g h t - h a n d e d  sys t em i s  a lways  assumed.) A v i ewpo in t  s p e c i f i e d  i n  
spherical  c o o r d i n a t e s  (VPOINT/ANGLES) sets  t h e  a n g l e s  p h i ,  i n  t h e  
h o r i z o n t a l  p lane,  and  t h e t a ,  above  t h e  p l a n e .  The d e f a u l t  i s  /UP-2 
f o r  a 3D p l o t ,  /UP-Y f o r  2D. 

Note t h a t  f o r  a 2D p l o t ,  t h e  l ly-axis"  r e a l l y  means t h e  second a x i s  
on t h e  p l o t :  i f  VIEW XZ had been selected, /UP=Y would p u t  t h e  
Z-valued a x i s  up .  S i m i l a r l y ,  i f  VIEW ZX had been selected, /UP=Y 
would p u t  t h e  x -ax i s  up! 

Example: W e  have  a 2 D  a i r f o i l ,  and would l i k e  v e l o c i t y  p r o f i l e s  w i t h  
u h o r i z o n t a l  and y v e r t i c a l .  We select  p r o p e r  s u b s e t s  and f u n c t i o n ,  
type "VIEW YX" so t h e  l i n e  p l o t  w i l l  u s e  Y as t h e  s p a t i a l  a x i s ,  

(,Most of t h i s  

/BACKGROUND-color 

/ UP - a x i  s 

There  i s  t h e  p o s s i b i l i t y  of  c o n f u s i o n  here! 
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1 1 ~ ~ ~  0 .2 -.5 1" so y will range from 0 to 0.2, u from -0.5 to 1. 
The we say "PLOT/2D/LINE/UP-Xw: we're making a 2D line plot, and we 
want the axis which WOULD have been horizontal (and corresponds to 
the first set of MINMAX values) to be "up". Thus y will be up, u 
horizontal. 

Further input will be interpreted as SCRIPT commands for controlling 
the orientation of the display on the screen, STOP will signify the 
end of SCRIPT commands. See PLOT SCRIPT for information on these 
commands. {Not implemented f o r  DISSPLA or GRAFIX.) 

/SCRIPT 

IRIS-interface 

PLOT3D will run with or  without the IRIS window manager MEX. Under 
MEX, PLOT3D can open multiple graphics ports. 9y default, each p l o t  
is NOT deleted when a <RETURN> is entered and the program returns 
to the PLOT3D command prompt. Subsequent plots are displayed as  
additional graphics ports connected to PLOT3D. 
input can be attached to the different ports by using the window 
manager "attach" menu item while mouse and keyboard manipulation is 
active in PLOT3D ( i . e . ,  while a picture is being displayed). 

To delete a graphics window, attach to the window (again, while a 
picture is being displayed, NOT in PLOT3D command mode) and type 
<DELETE>. 

Mouse and keyboard 

To make different graphics ports have the same viewpoint: 
(1) attach to the port with the desired viewpoint, 
(2) type '*='' , and 
( 3 )  attach to the port(s1 to be modified. 

NOTE: a "hogwhiledown" keyboard button can be identified in the 
user's ".mexrc" file to allow attaching to different PLOT3D graphics 
windows. The .mexrc file lines 

reservebut 1 3  
bindfunc hogwhiledown 13 

bind the "no scroll" key to the hogwhiledown function. For more 
information on the .mexrc file and hogwhiledown, read the Window 
Manager section in the IRIS User's Guide. 

Mouse 

On the IRIS, the mouse can be used to manipulate the picture on the 
graphics screen. The mouse buttons are used to activate different 
degrees of freedom for manipulation, while t5e mouse (x,y) 
displacement controls the RATE of motion in the respective degree 05 
freedom. 

While the left mouse button is being depressed, x-motion of the mouse 
is associated with rotation (about the center of the MINMAX box) ia 
phi, while y-motion controls rotation in theta.. (Phi and theta are 
cylindrical coordinate angles, using the DISSG'LA convention.) 

The middle mouse button activates zooming (toward the center of the 
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MINMAX box), controlled with the y-motion of the mouse. X-motion is 
not used. 

Depressing the right button allows the picture to be dragged left c z  
right (x-motion of the mouse), and up or down (y-notion) on the 
screen. REMEMBER, the POSITION of the mouse controls the RATE of 
motion (speed) of the object. 

The sensitivity of the mouse to zooming and screen dragging is a 
function of the distance of the VPOINT initial viewpoint from the 
center of the MINMAX box. The closer the viewpoint to the MINMAX 
box, the less sensitive the mouse. While the plot is on the screen, 
this can be adjusted by typing "up-arrow" (to increase the 
sensitivity by a factor of 2 )  or "down-arrow" (to decrease it). 

More than one button can be depressed at one time. The mouse position 
will control the rates associated with the last button pushed, while 
the motions associated with the other buttons are maintained, as long 
as they remain depressed. 

Type <RETURN> to return to PLOT3D cormnand level. 

Seiko-colorgrinter-screen-save 

Type "S" when the picture on the screen is what you would like to 
save. 

In any mode, a file "xxx.N.sei" will be created, where xxx is the Q 
filename (or XYZ filename, or simply VLOT3D"), and N is the frame 
number (starting from 1 for each PLOT3D run). These files can be 
printed by typing the Unix comand "lp -dseiko xxx.N.sei". 

This screen save option is a fixed-up version of the routine SCRSAVE 
supplied by Silicon Graphics under W3.5-GL2 and documented in the 
GL2-W3.5 Release Notes, p. 4-38. It still references routines in the 
library "/usr/people/gifts/mextools/imglib/libi~age.al'. 

RAS-s cr een-save 

On the IRIS, type "P" when the picture on the sczeen is what you 
would like to save. Saving the screen image takes a few minutes: t h e  
terminal will beep and a message ("Screen image saved as frame n in 
file xxx.ra;;") will be printed when it is done. The filename used is 
the Q filename (or XYZ filename, or simply "PLOT3D") with a .RAS 
extension. Once the image has been saved, the picture can again be 
manipulated with the mouse. 

One file is opened per PLOT3D run. Frames are added to the existing 
file, if there is one (so we don't delete it by creating a new one!). 

Screen images can be restored by running the prcgram RASP. 

The ARCGraph G W I X  RAS file format is used. See the file 
"arcgra?h/graifs.doc", ARCGraph Internal Functional Specifications 
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f o r  a d e s c r i p t i o n  o f  t h e  f o r m a t .  

Screen-dump-to-QMS 

On t h e  IRIS, type "Q" when t h e  p i c t u r e  on t h e  s c r e e n  is' what you 
would l i k e  t o  save. Sav ing  t h e  s c r e e n  image takes  a f e w  minutes :  t h e  
t e r m i n a l  w i l l  beep and  d message ("Screen  image saved as page  n i n  
f i l e  xxx.qrns") w i l l  be p r i n t e d  when it i s  dcne .  The f i l e n a m e  used  i s  
t h e  Q f i l e n a m e  (or XYZ f i l e n a m e ,  o r  simply "PLOT3D") w i t h  a .QMS 
e x t e n s i o n .  T h i s  i s  i n t e n d e d  f o r  l i n e  d rawings  only- -anyth ing  t h a t  i s  
n o t  t h e  background c o l o r  ( u s u a l l y  black) w i l l  be c o l o r e d  black on th.2 
QMS (where t h e  background is ,  o f  c o u r s e ,  w h i t e ) .  

Once t h e  image h a s  been  saved, t h e  p i c t u r e  can  a g a i n  be man ipu la t ed  
w i t h  t h e  mouse. 

A new f i l e  i s  opened f o r  e v e r y  PLOT3D r u n .  Thus i f  t h e  f i l e  a l ready  
e x i s t s ,  it is  deleted! 

Backfacinggolygon-removal 

On t h e  IRIS ( 2 0 0 0  or 3000 series),  t y p i n g  "B" t o g g l e s  t h e  removal  o f  
b a c k f a c i n g  polygons  on or o f f .  The d e f a u l t  i s  o f f .  See t h e  IRIS 
User's g u i d e  f o r  a d e s c r i p t i o n  of  b a c k f a c e  polygon removal  and  i t s  
u s e s .  Note t h a t  t h i s  i s  n o t  an  e x a c t  p r o c e d u r e ,  and some polygons  
may n o t  ge t  p r o p e r l y  removed due  t o  s c r e e n  r e s o l u t i o n .  (The  polygon 
normal  is  d e t e r m i n e d  i n  s c r e e n  c o o r d i n a t e s .  

T h i s  i s  a new f e a t u r e ,  and  as such  is n o t  y e t  p o l i s h e d .  T h e  
c l o c k w i s e  or c o u n t e r c l o c k w i s e  o r d e r i n g  of polygon p o i n t s  i n  walls 
can  be changed by u s i n g  a n e g a t i v e  inc remen t  f o r  one o f  t h e  i n d i c e s .  
T h i s  i s  t r u e  f o r  shocks  and  c o n t o u r  s u r f a c e s  as w e l l  ( I  b e l i e v e ) ,  by  
u s i n g  a n e g a t i v e  inc remen t  i n  t h e  subset d e f i n i t i o n .  P o i n t  o r d e r i n g  
f o r  c o l o r  c o n t o u r s  does  NOT change w i t h  t h e  s i g n  of t h e  inc remen t ,  
however.  

Z - b u f f e r i n g  

****+ WARNING ***** Under GL2-W3.5 (as of  1 8  March 19871, 
z - b u f f e r i n g  does n o t  work f o r  any displays u s i n g  n o n s o l i d  l i n e s t y l e s !  
The machine may crash. 

I R I S  2000 o r  3000 series machines  w i t h  28  or more b i t p l a n e s  s u p p o r t  
hardware z - b u f f e r i n g  t o  g e n e r a t e  h idden  s u r f a c e  p i c t u r e s .  Type "2"  
t o  t o g g l e  z - b u f f e r i n g  on and  o f f .  The d e f a u l t  i s  o f f .  The  MINMAX 
command s h o u l d  be set  t o  i n c l u d e  e v e r y t h i n g  o f  impor tance ,  as the  
n e a r  and f a r  c l i p p i n g  p l a n e s  are a c t i v a t e d  w i t h  z - b u f f e r i n g ,  and  a r e  
se t  t o  i n c l u d e  somewhat more t h a n  t h e  volume s p e c i f i e d  by t h e  MINMAX 
command. 

Z - b u f f e r i n g  c a n n o t  be done from RGB mode ( P L O T / I R I S R G B ) :  a l s o ,  i f  
t h e  d i sp lay  i s  i n  d o u b l e  b u f f e r  mode, a s i d e - e f f e c t  of  t y p i n g  " Z "  
is t h a t  t h e  d i s p l a y  mode w i l l  change t o  s i n g l e  b u f f e r  mode. The 
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mode w i l l  change back when z - b u f f e r i n g  is t u r n e d  o f f .  

Parameters IZNEAR and  IZFAR must be set c o r r e c t l y  i n  s u b r o u t i n e  13.13. 

S c r i p t  

These commands, when e n t e r e d  f o l l o w i n g  a PLOT/SCRIPT c o m a n d ,  c o f i t r o l  
t h e  motion of t h e  o b j e c t s  on t h e  d i s p l a y  s c r e e n .  (Not implemented 
f o r  DISSPLA o r  GRAFIX.) 

CENTER 

Format : CENTER [ x, y ,  2 I 

Move t h e  c e n t e r  of  t h e  d i s p l a y  ( e q u i v a l e n t  to t h e  c e n t e r  of  t h e  
MINMAX box)  t o  t h e  g i v e n  ( x , y , z )  p o i n t .  
r o t a t e  abou t  t h i s  p o i n t .  

Q u a l i f i e r s  

/FROM-(X,y, Z )  
S p e c i f y  what p o i n t  t o  move t h e  c e n t e r  
CENTER, o r  c e n t e r  of t h e  M I N M A X  box. 

Move t h e  c e n t e r  t o  t h e  new p o i n t  i n  n 
/ IN-n 

Objects on t h e  s c r e e n  w i l l  

from. D e f a u l t  i s  t h e  p r e v i o x s  

f fames. 

G3 

Format:  GO [number of f r ames ]  

"GO n" means advance  t h e  d i s p l a y  n frames. The d e f a u l t  v a l u e  for 
n i s  one .  

HOLD 

Format:  HOLD [number o f  frames] 

"HOLD n" means h o l d  t h e  d i s p l a y  s t i l l  f o r  n frames. D e f a u l t  v a l u e  
f o r  n i s  one .  

INTERACTIVE 

Format:  INTERACTIVE 

Tempora r i ly  e n a b l e  i n t e r a c t i v e  m a n i p u l a t i o n  o f  t h e  Z i s p l a y .  
Typing <RETURN> r e t u r n s  c o n t r o l  t o  t h e  SCRIPT i n p u t .  See 
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"PLOT Mouse" f o r  a descripticn of interactive control of t h e  
display. 

STOP 

Format: STOP 

Signals the end of SCRIPT commands. 

VPOINT 

Format: VPOINT [ x ,  y, 21 

Change the viewpoint to the given (x,y,z) or (phi,theta,radius) 
position. Viewpoint is always looking toward the CENTER point. 

or VPOINT/ANGLES [phi,theta,radiusl 

Qualifiers 

/ANGLES 
Viewpoint (as well as FROM viewpoint, if supplied) is in 
(phi, theta, radius) spherical coordinates. Default is (x, y, z )  
Cartesian coordinates. 

Viewpoint from which to move. Specified as (x,y,z) or 
(phi,theta,radius), depending on /ANGLES. Default is to move from 
previous viewpoint. 

Move the viewpoint to the new viewpoint in n frames. 

/FROM=(x,y, Z) 

/ IN-n 

Format: QUIT 

Exit out of PLOT3D. Same as EXIT. 

Qualifiers 

1 SAVE 
Save the journal file. Default is to delete it. 

Format: RAKES 

Specify the starting locations and attributes of particle traces (and 
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v o r t e x  l i n e s ,  b o t h  of which are t r a c e d  th rough  a v e c t o r  f i e l d ) .  

Q u a l i f i e r s  

/IJK ( D )  
/XYZ 

Traces can  be s tar ted a t  ( i , ] , k )  g r i d  p o i n t s  o r  a t  ( x , y , t )  p h y s i c a l  
c o o r d i n a t e s .  

Rake  s p e c i f i c a t i o n s  are t o  b e  added t o  t h e  end  of e x i s t i n g  rake 
specs.  
/READ-f i l e .  

/ATTRIBUTES ( D )  
/ NOATTRIBUTES 

/ADD 

T h i s  does  n o t  work when t h e  p a r t i c l e  traces are read i n  w i t h  

C o n t r o l s  w h e t h e r  a t t r i b u t e s  such  as c o l o r ,  l i n e  t y p e  and  t h i c k n e s s ,  
and  s u r f a c e  t r a n s p a r e n c y  are prompted f o r .  

/READ-f i l e  
/WRITE-file 

P a r t i c l e  traces can be w r i t t e n  o u t  o r  read i n  t o  PLOT3D, a l l o w i n g  
traces t o  be r e p l o t t e d  l a te r ,  o r  c a l c u l a t e d  elsewhere. See 
"Fi le - format"  f o r  i n f o r m a t i o n  on f i l e  s t r u c t u r e .  The d e f a u l t  f i l e  
t y p e  is .PAR. 

/+TIME (D) 
/-TIME 
/+-TIME 

C o n t r o l s  whether  t races  i n  t h i s  rake are f o l l o w e d  i n  t h e  p l u s ,  minus,  
o r  b o t h  d i r e c t i o n s  o f  t h e  v e c t o r  f i e l d .  

S e t  t h e  maximum number o f  p o i n t s  f o r  each pa r t i c l e  t r a c e  segment,  
a l l o w i n g  a c r u d e  c o n t r o l  on t h e  l e n g t h  of  t h e  t race .  Each t race  
M I G H T  b e  made up o f  more t h a n  one  segment,  a s  a new segment i s  
s tar ted when a trace c o n t i n u e s  i n  a n o t h e r  g r id .  C u r r e n t l y ,  a 
p a r t i c l e  takes  5 steps t o  c r o s s  a c o m p u t a t i o n a l  c e l l ;  t h e r e f o r e ,  
s e t t i n g  /MAXPOINTS=lS means t h a t  each t r ace  w i l l  be roughly  3 c e l l s  
l o n g .  

The d e f a u l t  v a l u e  ( a n d  maximum) i s  /MAXPOINTS=Z?CO. 

S e t s  t h e  f u n c t i o n  t o  be used t o  d e t e r m i n e  t h e  c o l o r  o f  t h e  t r aces .  
Each t race w i l l  be c o l o r e d  a c c o r d i n g  t o  t h e  v a l u e  o f  t h i s  f a n c t i o n  
(which must be a scalar f u n c t i o n )  and  t h e  c o l o r  map(s )  s p e c i f i e d  u s i n g  
t h e  CONTOUR command. If /NOSCALAR-FUNCTION i s  selected, t k e  c o l o r  
a t t r i b u t e  co lor  will be used .  T h i s  is t h e  d e f a u l t .  

/MAXPOINTS-n 

/SCALAR-FUNCTION-function number 
/NOSCALA.R-FUNCT I O N  ( D  ) 

R e s t r i c t i o n  

Traces can  be rest r ic ted t o  remain i n  c o m p u t a t i o n a l  p l a n e s .  
T h i s  is u s e f u l  for p l o t t i n g  p a r t i c l e  t races  on symmetry 
p l a n e s  o r  f o r  s i m u l a t i n g  o i l  f l ow.  For o i l  f l ow p i c t u r e s ,  t r a c e s  aze 
o f t e n  r e s t r i c t ed  t o  remain  one  computa t iona l  p l a n e  above t h e  s u r f a c e  
(as t h e  v e l o c i t y  on t h e  s u r f a c e  is z e r o ) .  

Valid r e s t r i c t i o n s  are IJ, I K ,  or J K .  
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File-format 

Trace files are read and written using FORTRAN IJNFORMATTED I.'3 
(BINARY on IRIS/Unix) as follows: 

10 CONTINUE 
READ (unit,END-20) IRAICE, ITRACE,N, IGRID 
READ(unit) (X(I),I=l,N), (Y(I),I=l,N), (Z(i),I=l,N), (T(I),I=l,N), 
C (RI(I1 ,I=l,N), (RJ(I),I=l,N), (RK(I),I=IgN) ... 
GOT0 10 

20 CONTINUE 

IRAKE is the rake number, and will be used to determine the attributes 
of the trace when it is drawn. ITRACE is the trace number inaide this 
rake, and N is the number of points to be read in the following 
record. 
The physical location (x,y,z) and time t is recorded for each point in 
the trace, as well as the (i,j,k) coordinates, saved as real numbers 
to indicate both the cellnumber and position within the cell of the 
point. 

A trace may appear in the file as several segments, all with the same 
rake and trace number. 

IGRID is the grid number for this part of the trace. 

READ 

Format: READ 

Read input data files. 

Qualifiers 

/ 1D 
/ 2D 
/3D (D) 
Controls whether the input files are expected to be 1-, 2- ,  or 
3-dimensional. 

Input standard grid file. 

Input standard Q file, including density, momentum, and stagnation 
energy per unit volume. 

Input an arbitrary function. 
an arbitrary function.) 

For multiple datasets in one file. {Not implemented.} (Izzended to 
support time-varying solutions.) 

If the files contain multiple grids, in the multiple grid f3rm. 

/XYZ-file (D) 

/Q-file (D) 

/FUNCTION=file 
{Currently there is no way to p l o t  

/ MD AT AS ET 

/MGRID 
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OE POOR QUALCY 
/FORMATTED 
/ UNFORMATTED ( D  1 
/BINARY ( D  f o r  Unix) 

Con t ro l s  whether  t h e  f i l e s  are expected t o  be i n  FORTRAN FORMATTED 
or UNFORMATTED form. For c h a r a c t e r  form, f r e e - f o r m a t s  (READ(ucit, * )  ) 
are used. Under IRIS/Unix, 1/0 i s  done much more e f f i c i e n t l y  c s i n g  
C and  s t r a i g h t  BINARY f i l e s  (which have no r e c o r d  i n f o r m a t i o n ) .  Thus 
BINARY i s  t h e  d e f a u l t  unde r  Unix.  (Note t h a t  BINARY 110 can be done 
f rom FORTRAN t o o ,  u s i n g  OPEN ( . . . , FORM-' BINARY' 1 . I  

/PLANES 
/WHOLE ( D )  

S p e c i f i e s  whether  t h e  data i s  t o  b e  read i n  planes (One p l a n e  p e r  
r e c o r d )  or t h e  whole t h i n g  a t  once .  See  "READ Fi le-formats ' '  f o r  
some examples of reads w i t h  /PLANES and /WHOLE. Note t h a t  /PLANES 
h a s  no e f f e c t  f o r  reading o t h e r  t h a n  3D datasets. 

C o n t r o l s  whether  t h e  d e f a u l t  c h e c k i n g  of Q data for z e r o  o r  n e g a t i v e  
d e n s i t y  o r  p r e s s u r e  i s  per formed.  Bypass ing  t h i s  check  can speed  up 
t h e  Q f i l e  reading s i g n i f i c a n t l y .  

/CHECK ( D )  
/NOCHECK 

/ J A C O B I A N  
/NOJACOBIAN ( D )  

I n d i c a t e s  whether  Q v a r i a b l e s  are s c a l e d  ( d i v i d e d )  by t h e  de t e rminan t  
of  t h e  m e t r i c  J a c o b i a n ,  i n  which case t h i s  d e t e r m i n a n t  i s  expec ted  as 
an  add i t iona l  Q v a r i a b l e .  { T h i s  o p t i o n  may d i s a p p e a r ,  l e a v i n g  t h e  
d e f a u l t  o f  NOJACOBIAN.)  

/BLANK 
/NOBLANK ( D )  

S i g n a l s  whether  t h e  X Y Z  f i l e  c o n t a i n s  a n  i n t e g e r  a r r a y  IBLANK as a 
f o u r t h  (o r  r a t h e r  n-dimension p l u s  one)  v a r i a b l e .  A t  ( i , j , k )  p o i n t s  
where IBLANK=O, data  w i l l  NEVER BE USED. 

F i le-f o mat s 

XYZ 

Listed are some samples ... 

S i n g l e - g r i d  

1 D  : 
READ ( u n i t  ) 
READ ( u n i t  1 

READ ( u n i t )  
2 D  : 

READ ( u n i t  1 
C 

3D (/WHOLE) : 
READ ( u n i t  
READ ( u n i t )  

C 
C 

I D  I M  
( X ( I ) ,  1-1, I D I M )  

I D I M ,  JDIM, K D I M  
( ( (X (I ,  J, K )  ,111, I D I M )  , J m l ,  J D I M )  , K = 1 ,  iKDIPl), 
( (  ( Y ( 1 ,  J , K ) , I = l , I D I M ) ,  J = l , J D I M ) , K - l , K D I X ) ,  
( ( ( Z  ( I ,  J, K )  ,111, I D I M )  t J11, JDIM) K-1,  DIM) 
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3C ( /PLAKES)  : 
READ ( unit ) I3 IY, JD IM, ECD IM 

10 CONTINUE 

wit h-IBWNK 

10 CONTINUE 

Multiple-grid 

-~ . 
DO 10 IGRID- 1,NGRID 

C ( (  (Y(I,J,K),I-1,IDIM(IGRID)),J=l,~DIM(IGRID~~,K=l,KD~~ 

C ( ( ( 2  (I, J, K) , 1-1, IDIM (IGRID) ) , J-1, JDIM (IGRID) ) I K=lt K D X  

10 CONTINUE 
3D ( /PLANES)  : 

READ (unit) NGRID 
READ(unit) (IDIM(IGR1D) ,JDIM(IGRID) ,KDIM(IGRID) , IGRI2-1 
DO 10 IGRID- 1,NGRID 
DO 10 K- l,KDIM(IGRID) 

10 CONTINUE 

Q 

Listed are some samples . . .  The Q header information ( e x t z a  
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i n f o r m a t i o n  a t  t h e  b e g i n n i n g  of e a c h  g r i d )  i n c l u d e s  t h e  f o l l o w i q :  

F r e e s t r e a m  Mach number (FSMACH) 
Angle-of -a t tack  (ALPHA) 

T i m e  ( n o t  used) (TIME)  
Reynolds  number (E) 

Sing le -g r id  

( w i t h o u t  Jacobian) 
1 D  : 

READ ( u n i t )  I D I M  
READ ( u n i t )  FSMACH,ALPHA,RE,TIME 
READ ( u n i t  ) ( ( Q ( I, NX 1 , I= 1, I D  I M )  , N X = l ,  3 ) 

3D (/WHOLE) : 
READ ( u n i t )  I D I M ,  JDIM, K D I M  
READ ( u n i t )  FSMACH, ALPHA, RE, TIME 
READ(unit) ( ( ( ( Q ( I , J , K , N X ) , I = 1 , I D I M ~ , J = l , J D I M ) , K = l , ~ ~ ~ ) , ~ X = ~ ,  

5 )  
3D (/PLANES) : 

READ ( u n i t )  I D I M ,  JDIM, KDIM 
READ ( u n i t )  FSMACH,ALPHA,RE,TIME 

1 0  CONTINUE 

Mul t ip l e -g r id  

( w i t h o u t  J a c o b i a n )  
3D ( / W H O L E ) :  

READ ( u n i t  ) N G R I D  
R E A D ( u n i t )  (IDIM(IGRID),JDIM(IGRID),KDIM(IGRID),IG2ID=~,~G~~~~ 

READ ( u n i t )  
C ( (  ( ( Q ( 1 ,  J , K , N X )  , I = l , I D I M ( I G R I 9 ) ) ,  J=1, J D I M ( I G R 1 D )  ,K=l,?JIY(IG 

R I  
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SHOW 

Show t h e  c u r r e n t  s t a t u s  of some commands. Applicable commands are  

VECTORS, VIEW, VPOINT, and  WALLS. 
CONTOURS, FSURFACE, FUNCTION, MINMAX, PLOT, RAKES, SUBSETS, TEXT, 

SUBSETS 

Format:  SUBSETS 

Allows par t s  of grids t o  be selected as " a c t i v e " .  

Q u a l i f i e r s  

/ G R I D - g r i d  number 
Specif ies  which g r i d  these s u b s e t s  are t o  be a s s o c i a t e d  w i t h  ( d e f a u l t  
i s  g r id  1). 

These s u b s e t s  are t o  be added on t o  t h e  c u r r e n t  l i s t ,  rather t h a n  
s t a r t i n g  from subset number 1. 

C o n t r o l s  whether  a t t r i b u t e s  s u c h  as c o l o r ,  l i n e  type and  t h i c k n e s s ,  
and  s u r f a c e  t r a n s p a r e n c y  are prompted for. S u b s e t  a t t r i b u t e s  are 
appl ied t o  G R I D  p l o t s .  { I n  t h e  f u t u r e ,  i f  NOATTRIBUTES i s  specified 
f o r  c e r t a i n  types of p l o t s ,  s u b s e t  a t t r i b u t e s  would be used  i n s t e a d . )  

/ADD 

/ATTRIBUTES 
/NOATTRIBUTES (0)  

TEXT 

Format:  TEXT [ " l i n e  l " [ , " l i n e  ,"I  1 

Allows t h e  e n t r y  o f  up  t o  two a d d i t i o n a l  l i n e s  of t e x t  (besides t h e  
t i t l e ) ,  t o  be c e n t e r e d  above f u t u r e  p l o t s .  T h i s  t e x t  w i l l  c o n t i n u e  t o  
be u s e d  u n t i l  a n o t h e r  TEXT command is g i v e n .  C u r r e n t  t e x t  can  be 
"erased" by e n t e r i n g  a <RETURN> i n  response to t h e  prompt for t e x t .  
(Tex t  is prompted f o r  if n o t  e n t e r e d  on t h e  command l i n e . )  I f  t e x t  is 
e n t e r e d  on t h e  command l i n e ,  be s u r e  t o  e n c l o s e  each l i n e  i n  doub le  
q u o t e s .  

VECTORS 

Format : VECTORS 

Sets v e c t o r  p l o t  character is t ics ,  s u c h  as ar rowheads ,  v e c t o r  l e n g t h ,  
and  a s s o c i a t e d  scalar f u n c t i o n  f o r  v e c t o r  c o l o r s .  

Q u a l i f i e r s  
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/SCALAR-FUNCTION=function number 
/NOSCALAR-FUNCTION ( D )  

S e t s  t h e  f u n c t i o n  t o  be used  t o  d e t e r m i n e  t h e  c o l o r  of t h e  v e c t o r s .  
Each v e c t o r  w i l l  be c o l o r e d  a c c o r d i n g  t o  t h e  v a l u e  of  t h i s  f u n c t i o n  
(which must be a scalar f u n c t i o n )  and  t h e  c o l o r  map(s) specified usir .g 
t h e  CONTOUR command. If /NOSCALAR-FUNCTION i s  selected, t h e  c o l o r  
a t t r i b u t e  c o l o r  w i l l  be used .  T h i s  i s  t h e  d e f a u l t . .  

Sets v a r i o u s  v e c t o r  a t t r i b u t e s .  NOATTRIBUTES resets a l l  e v e r y t h i n g  t o  
d e f a u l t  v a l u e s .  A t t r i b u t e s  are: 

/ATTRIBUTES ( D )  
/NOATTRIBUTES 

Vec to r  l e n g t h  scale f a c t o r  - 
Vector  s c a l i n g  - 
Arrowhead type - 
Arrowhead s i z e  f a c t o r  - 

Arrowhead s c a l i n g  

L i n e  t y p e  
L ine  t h i c k n e s s  
Symbol t y p e  

Symbol s i z e  - 
Shading  p a t t e r n  - 
Shadina  Darameters - 

d e f a u l t  i s  1 (a v e c t o r  f u n c t i o n  of  u n i t  
1enr;th w i l l  be drawn as one u n i t  l o n g .  
whether  or n o t  t h e  v e c t o r  is scaled 
w i t h  t h e  magni tude .  D e f a u l t  i s  s c a l e d .  
LINES ( D ) ,  FILLED, or NONE. 
d e f a u l t  v a l u e  o f  1 c o r r e s p o n d s  t o  
3 / l O t h s  t h e  v e c t o r  l e n g t h  for scaled 
ar rowheads ,  1 / 5 0 t h  t h e  l o n g e s t  a x i s  i f  
n o t  scaled.  
For  DISSPLA, o n l y  s ize  f a c t o r s  o f  1-6 
are s u p p o r t e d .  The d e f a u l t  i s  1. 
whether or n o t  t h e  arrowhead is scaled 
w i t h  t h e  v e c t o r  l e n g t h .  D e f a u l t  i s  
scaled. 
I n  DISSPLA, a r rowhead s c a l i n g  is NOT 
s u p p o r t e d .  

c a u s e s  a symbol t o  be p u t  a t  t h e  base 
of t h e  v e c t o r .  

f o r  f i l l e d  ar rowheads .  

See HELP-ATTRIBUTES f o r  i n f o r m a t i o n  on l i n e  type, e t c .  

VIEW 

Format:  VIEW [v iew]  

The VIEW command is  u s e d  f o r  two cases: (1) t o  spec i fy  which a x e s  a re  
t o  be h o r i z o n t a l  a n d  v e r t i c a l  f o r  a 2D p l o t ,  and  (2) t o  spec i fy  which 
two spa t i a l  a x e s  are t o  be used  f o r  3D f u n c t i o n  s u r f a c e  ( c a r p e t )  p l o t s .  
Cho ices  are:  XY,XZ,YZ,YX,ZX,ZY,TOP,SIDE,FRONT. TOP,SZDE,FRONT are  
e q u i v a l e n t  t o  XY,XZ,YZ, r e s p e c t i v e l y .  

VPO I N T  

Format : VPOINT [ x, y, z 1 
o r  VPOINT/ANGLES [ p h i ,  theta ,  r a d i u s 1  

E n t e r  a v i ewpo in t  f o r  a 3L p l o t .  
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Qualifiers 

/ X Y Z  (D) 
/ANGLES 
Controls whether the viewpoint will be interpreted as an (x,y,z) point 
in space, or as phi,theta,radius values, corresponding to DISSPLA 
convent ions. 

WALLS 

Format: WALLS 

Specifies which parts of the grids should be drawn f o r  a l l  plots, 
indicating the grid "geometry" or "configuration" (hence the name 
WALLS) . 

Qualifiers 

/GRID=grid number 
Specifies which grid these walls are to be associated with (default is 
grid 1) . 
These walls are to be added on to the current list, rather than 
starting from wall number 1. 

Controls whether attributes such as color, line type and thickness, 
and surface transparency are prompted for. 

/ A D D  

/ATTRIBUTES (D) 
/NOATTRIBUTES 

Programed STOP 
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